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A NON-SILVER BASED PHOTOGRAPHIC PROCESS 
by 
CARY Y. PETERS 
A NON-SI LVER BASED PHOTOGRAPHI C PROCESS 
Abst ract 
CARY Y. PETERS 
Under t he sup ervision of Dr. William Jensen 
A film p rocess based on the redu ction of nickel (I I )  t o  elemental 
nickel, which �s sensit ive to x-ray energy p hotons as well as elect rons, 
1 has been rep ort ed. 
Res earch u sing this process was carried out using copper Ko( p hotons 
generat ed from an x-ray source and an electron beam from an electron 
microscop e. 
Poss ible advant ages of t his t ype of film process are low cost, 
eliminat ion of darkroom procedures, and the stabilit y. of the exposed 
and unexp osed film for long periods of time. 
1 NASA Tech Brief, B72-10456 (1972) · 
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INTRODUCTION 
As an alternativ e  to the traditional and·-.expensive photographic 
process using silv er salts, a new photographic type based on the 
deposition of elemental nickel was
· 
examined. A technical brief 1 
indicated that the nickel process resembled that of the conunon silv er 
deposition process. The latent image. formed by irradiation of an 
exposed coated surface can be amplified by development to produce a 
permanent v isible image. 
The photosensitive compound on the s·urface coating is nickel 
hypophosphite, which is sensitive to x-rays and electron· radiation. 
However, it is not sensitiv e to v isible light. This lack of sensitivity 
to visible light allows processing in daylight and eliminates the need 
for li ght proof containers and darkrooms. In addition, the more 
abundant and less expensive nickel replaces the more costly silver used 
in conventional silv er photographic emulsions. 
HISTORICAL 
Photography, as well as the chemical principles of the photographic 
process, have been of interest to man for· a long time. Therefore, a 
short essay on the history, as well as the present accepted mechanisms 
on photography, is warranted. 
The history of photogr�phy reveals -a complicated pattern of 
evolution.2 Professor J. Schultz was the first to report the effect 
of light on silver. He observed, in 1725, that the darkening of silver 
salts was due to light and not heat . Nicephone Niepce i s  the man 
cred ited with the first permanent imag e (he l i ograph) , u sing the camera 
obscura , in 1826 . The photograph required 8 hours of . exposur e , and 
a direct pos i t ive was obtained us ing white bitumen . 
Fox Talbot , in 1840, fol lowing suggestions from others a l so 
invo lved in photography, improved the process by using s ilver iodide 
and devel oping in gallic ac id . Here , however , unl ike the previous 
processes , print s were obtained from negat ives . Tal bo t's process , 
"Tabl otype , "  was the first one in which the lat ent image formed by 
the act ion of l ight i s  amp l i fied by chemical means . Thi s  i s  the basfc 
proces s whi ch i s  s t i l l  in us e today . 
The s i lver halide materials pres ent l y  us ed genera l l y  cons ist  of a 
si lver ha l ide emu l s ion coated on a suitab l e  support , fi l m  base or pa.per . 
The emu l s i on i s  actually a di spersion of micron to sub -mi cron s i z ed si lver 
ha l ide crysta l s  (common ly cal l ed grains ) in a po lymer matrix ,. usual ly 
ge lat in . The s ilver hal i des useful  in photography inc l ude s ilv er bromide 
and the mixed ha l ides , especia l ly the non - stoichiometr i c  ch lorobromides  
and the bromoiod ides . I t  has recent l y  been shown that s i lver fluoride i s  
· photograph ica l ly active , 3 but thi s· has not been commerc i al ly exp l oited . · 
An important note to emphasi z e.here i s  the ro l e  played by d efects 
and impurities  in the chemistry of the si lver hal ide crystal . A 
rigorou s l y  pure , crysta l l ographical ly perfect s i lv er hal ide crystal wou l d  
be photographica l ly inert . 4 
Mott and Gurney's theory on lat ent image format i on ,5 although 
developed in 1938, i s  sti l l  the most widely acc ept ed theory to d at e .  
2 
Basica l l y  the s t eps involved are : 
1. Absorbed l ight l iberates el ectron s from some bromide 
i ons turning them into bromine at oms . The e l ect rons 
then move t hrough the cryst.al . 
2. The e l ectron s rapid ly m igrat e through the crysta l , but 
cannot leave it owing to the defl ective effect of  the 
crysta l boundaries . Final ly, they may l odge in e l ectron 
traps in .the form of crystal defects or foreign a.tom 
impur ities . Such traps may be within the int erior of 
the cryst a l  or a sensitivity speck on its  surface . 
Alternative ly ,  they. may recombine with the bromirie 
atom s  formed when the original  brom ide ions ejected 
e l ectrons , thus reversing the action of l igh t. 
3.  E lectron s accumulat ing at traps such as the s ens itivity 
speck,co l lect ive ly bui ld up a negat ive charge . An 
e lectric fie l d  is thereby created within the crystal , 
and some o f  the interstitial s i lver ions migrate to the 
e lectroni cal ly charged traps. There they combine wi th 
each e l ectron to fonn a larger trap for more e lectrons 
to be released by t he· act ion of l ight . As the si lver 
ions are used up, the excess bromine i n  t he crysta l 
l at t i c e  i s  d i sso lved into the surround ing g e l at in in 
the fonn of bromine atoms . 
The preceeding can be expres sed in the form of a s equence of reaction 
steps: 
Ag X 
e- + Trap 
+ e- Trapped + Ag1 
e - Trapped + X0 
Ag0 + e 
hu 
) + Ag ·+ e- + X0 
e - Trapp ed 
Ag0 (Ag� = Int erstitial  Ag Ion)  
Ag0 + x-
3 
> 
2Ag0 etc . ) 
Development of the latent image can be broadly divi ded into two 
areas. In t he chemical process , the develop ing agent s ar e virtua-lly 
electron donors , giving up electrons to the exposed s ilver ha l i de grains . 
The atoms of silver act as catalysts attracting e l ec.trons more readily 
than the sensi ti vi ty specks o f  unexposed grains . · 
Phys ical d eve l opment involves adding solubl e  s ilver ( silver nitrat e) 
to the so lut i on wi th d�veloping agent s . The agent s wi l l  d onate electron s 
to the lat ent image specks as in ch emica l development . · Howev er, instead 
of attract ing s ilver ions from on ly wi thin each crystal it s elf,  the si lver 
is  preferent ially attracted fr?m the so lution. The latent image i s  
therefore , in a sens e ,  p l at ed. 
The final s t ep in the convent iona l deve lop ing proces s i s  that of 
fixing . The purpose of  fixing i s  to render the image permanent . Thi s  
i s  accomplished by converting the si lver halid e  remaining i n  the emul sion 
after conv ent ional devel opment to soluble  compounds .  
The chemis try o f  fixing is complex . Current theory suggest s  that 
thiosulfat e ions in the fixing solution di ffuse through t he gelat in to 
the surface of  the silver hal ide . Here they are ad sorbed on the grains 
and react wi th silver ions , forming fairly .insolub l e  silver thiosu l fat e 
compounds . They react wi th addit i onal thiosulfat e i on s  to g ive a more 
solubl e silver thio sulfat e �omplex .  Thi s then desorbs from the grain 
surface and out int o soluti on . 
4 
The sugge sted mechanism for the chemical action of fixing i s  as 
fo l l ows :6 
Ag+ ( crys tal )  
Ag (S203)- + Br 
Ag (S203 ) - + S20 3-
2 
Ag ( S203)2-
3 ( ad sorbed ) 
Ag ( S20 3 ) - (adsorbed) 
1/3 (AgS20 3 ) 3 Br -4 
Ag (S20 3 ) 2- 3 ( adsorbed) 
Ag (S203) 2- 3 ( so lution) 
Si lver halide photography has come to be t he dominant imag ing 
techno logy bec ause of its  high phot os ensitivity . Thi s i s  due to the 
high quantum yie ld o f  el ectrons in an excited state in the silver halide 
crysta l ,  and t o  the effectivene ss of the latent image a s  a catalyst for 
the subsequent deve lopment reaction . There are other factors which are 
favorabl e  for the s i lv er halides among the phot oconductors whi ch have 
been studied. 7,a Several of these  ar e :  
1. Long diffu sion rang e for the el ect rons in their excited state . 
2 .  A h i gh mobi lity of si lver ibns. 
3. The abi l ity of successively produced si lver at om s  to accumulat e  
a t  the same spot o n  t.he crystal l attic e .  
EXPERIMENTAL 
In itial r esearch into nickel hypopho sphite and it s pot ent ial  as 
an alt ernat e phot ographic process proc eeded int o two broad areas. The 
first invo lved the correct formulation of a suit able phot ographic 
emul sion .  The s econd entai l ed a det ermina tion of it s photographic 
sensitivity and t he qual ity of reproduction aft er exposure t o  radiation . 
s 
The preparat ion of nicke l  hypophosphit� fo l l owed the proc edure 
establ�shed by Rps e .  9 This cal l ed for the react ion of ni cke l  hydroxide 
with hypophosphorous acid . ·However , di fficu l ties were encount ered in 
the making o f  the n i cke l hydroxi d e .  Because o f  its  rel at ive instabi l i ty ,  
the nickel hyd�oxide was being convert ed t o  nickel oxid e . 
6 
Two reaction s  were used in an attempt to prepare t he nickel hydroxide . 
The first invo lved the reaction of 50  mg . of �i ck� l chl oride in  15 ml . 
of wat er , with a 3 norma l sodium hydroxide so luti on . 10 The second method 
cal l ed for 5 grams of potassium h�droxide in 50 m l . of carbon dioxide 
free water. 11 The carbon dioxide was expe l led by b oi l ing the water . Thi s 
�as then added dropwise  to 12 grams of nickel nitrat e in S O  m l . o f  wat er 
at 35° C. Both reactions gave products .whi ch appeared to be o f  uni form 
qua lity . The infrared spectra ( I . R . ) of both compounds indicated the 
product s  were iden t ica l . 
The nickel hydroxide was add ed to the hypopho sphorous ac id so lut ion 
· dropwi se in s to ichiometric proportions . Again , the product formed w�s of 
a green non -uniform qual ity. Co lor changes from gree� to l ight green to 
ye llow were observed when the compound was placed in an open container . 
The co lor changes were accounted for by the loss o f  water from the 
hydrated .compound . 
One additiona l method of forming the desired compound was investi� 
gated, Thi s involved the react ion of sodium hypophosphit e  wi th n icke l 
nitrat e .  Again , as in the previous resul t s , the crysta l's s tructure and 
co lor , as we l l  as its  I . R . , indicated that the·.compound formed was s imil ar 
-to the previous one .  
Because of the questionabl e  physical . appearance and t exture o f  
the nicke l hypopho sphi te produced from the previous react ion , �ome 
7 
doubt was case on whether the starting material  made was n i cke l hydroxide . 
There fore , a fter having exhausted the standard react ion proc.edure.s ,  
the nicke l hydro.xide compound was purchased from P l at z  and B l atz , in 
an effort to m�ke the needed nickel hypophosphite compound. 
The n i ckel  hydroxide th�s obt ained was added · s l ow l y  wi th s t irring 
to hypophosphorous acid . Aft er a stoichiometric amount was add ed , no 
crysta l s  were ini ti a l ly observed . The solut ion was then p l aced in a 
l arge wat er-fil led c ontainer , whi ch was insu lated by styro foam . The 
t emperature within the insulated fl ask was init ia l ly s et at 40° ,C. The 
water bath was t.hen al owed to coo l down s l owly over several  days 1mtil 
the t emperature within the cont ainer fe l l  t o  25° C. 
The crystals  formed aft er the s low coo l ing proc e s s  were obs erved 
under the microscope . The green crysta ls  appeared t o  be wel l formed and 
of uni form texture . Again , as was observed previous l y ,  a s  the crystal s 
became dehydrated on exposure to air , their co lor changed from green to 
yel low . Because of the t endency.to los e wat er , the crysta l s  were p laced 
on a watch glass  over a beaker of.water to retard their water los s . 
At thi s po int , e lement al analys i s  was carri ed out on nicke l 
hypophosphit e hexahydrat e ,  in an attempt to ver i fy the composit ion o f  
the compound . The method used . was that of using the dimethylglyoxime 
product as an indi cation of the amount of n ickel present . 12 
The n ickel comp ou nd w as made slightly -acid with acetic acid. . This 
-was th en heated to 60° C; and 2 0  ml. of a 1 percent solution of dimethyl­
glyoxime in ethanol was added. Ammonia was th en added until the solution 
·was slightly alkaline, and this w as allowed to digest for 3 0 minutes at 
- 60° C .  After a·llowing it to stan d  for one hour, the solution was 
filtered. The·p roduct was dried at 115° C, and w eighted as n�ckel 
dimethylglyoxime. This comp oun d contained 2 0.3 p ercent n ickel by weight. 
The results of the analysis w ere: � 
weight of n ickel hypop hosphite hexahydrate 
. 
theq:retical we.ight of nickel present 
.weight of nickel dimethylglyoxime 
weight of n ickel present 
.2211 grams 
.044 ·grams 
.2185 grams 
.044 . . ·grams 
The gravimetric nickel an alysis is consiste�t with the formu lation 
of nickel hyp op hosp hite hexahydrate. 
Each crystalline material p roduces a characteristic p owder pattern, 
.and the p ositions and intensities of the lines can aid· in the identifi­
cation of the material. Therefm:·e, a crystals were selected with the aid 
-of a microscop e, whi ch show ed good uniform texture and regu lar flat 
surfaces. Th ey was then mounted in a De bye-Scherrer x-ray camera and 
exposed to x-rays for 4 hours. 
'The powder p attern film was develop ed and the major rings p resent 
were in dexed. Thest� Here th en comp ared to those rep orted in the 
literature. 13 :I t  .was found that the tw o sets of data gave entirely 
different p owder p atterns. Therefore, what was previously th ought to 
8 
,' 
9 
be nicke l hypophosphi t e  hexahydrate was st i l l  in doubt and ,  as yet , 
unident i fied . 
A .  Ferrar i and C.  Colla , in 1937, did an x-ray structure d et erminat ion 
on nickel  hypophosphite.14 . However , the val idity of their work is  
questioned in ldght o f  the fact that , iri  the l it eratur e , the structure 
is reported as cubic and po ssibly tetragona1 .1s 
Because of th es e unc ertainti es , an att empt was init i at ed here to 
ident i fy the formulated compound , �us ing x-ray single crystal data . 
Pre l iminary x-ray photographtc work was carri ed out in an effort 
to  procure a sui tabl e  s ing l e  crystal. Wei s s enberg photographs indi cat ed 
the cryst al  c lass  o f  the compound as cubic . 
Several sat i sfactory cryste. ls  \··Jere. mounted on goniometer heads 
and taken t o  I owa State University . Using the fac i l it i e s  of the Unit ed 
Stat es At omic Energy l aboratory l ocat ed there , an att empt t o  elucidate 
the correct structure was begun. 
The init i al photographs on several di fferent crystals , t aken on. an 
automat ed di ffractometer , indi cat ed t hat a structure determinati on wou ld 
not be possib l e .  A reasonab l e  ori entati on matrix coul d  n ot b·. det ermined , 
probab ly because of the effects of a super l attice structure. 
Whi l e  effort� were being direct ed towards making nicke l hypophosphit e, 
the photographi c  propert i es of the compound made were a l so being inves-
tigated . 
Fo l lowing a previ ou s ly det ermined procedure , 16 formu l ation of a 
photosensitiv e  emu lsion was made. Fi lter paper , or in some c as es , fi lm 
·from whi ch it s emulsion had prev i ously been removed , wer e u s ed as support.  
To these a so l ution was appl ied hav ing the fo l lowing composit i on: 
nick e l  hypophosphite 10 grams 
conc entrated aqueous anunon ia 18 ml.  
gelatin 10 ml. 
Fol l owing this ·procedure, the paper (or fi lm) was allowed to air dry. 
Deve l opment o f  t he exposed fi l m  into a visi b l e  image was comp let ed 
in approx imately one minute. This was accomp l ished in an aqueous 
devel oper containing : 
nickel ch l or ide 0. 1 mol ar 
sodium hypophosphite 0. 2 mol ar 
anunonia 1.0 mo lar 
It was observed that a greater sensi tivity 9f the fi lm was obtained 
by use of  a predeve l opment in anunonia vapor. The l ength of t ime here 
varied slight l y  depending upon the l ength of  t ime t hat t he fi l m  was 
exposed. Usual l y  five minut es in the vapor was sufficient to obt a in 
this great er sensitivity . 
An addit iona l advant age here was the fact that no convent i onal 
fix was ne eded. Because the fi lm is not sensit ive t o  visib l e  l ight , 
it is not necessary to convert the remainin
.
g nicke l hypophosphi te into 
so luble compounds. 
The chem istry invo lved in exposing a nickel hypophosphite grain , 
as we l l as in the devel opment of the l atent image , is reported to be 
the fol lowing : 1 7 
10 
HP02- + Ni+
2 
2Ni +l + H2P02 
Ni+
2 
+ H2P02-
Exposur e St ep 
- - Radi ation > 
DeveloEment §tep 
-> 
). 
N" 0 .' 1 � 
' 
HP02- + H· 
Ni+
! 
+ HP02 
2 Ni 0 + HP02 + H+ 
Ni0 + HP02 + H
+ 
The dev e l oping so l ut i on's action invo lves chemi ca l  as  well as 
phys ical d_eve l opment . The sodium hypophosphi te i s  added , �o as to 
a l low the hypopho sphite  anion to act as an e l ectron donor . Add itional 
so lub l e  n i cke l , in the form of nickel chloride , i s  add ed s o  that i t  can 
be attracted to the expo s ed grain. This ni cke l,, as we l l  as the n i ckel 
in the emul si on surrounding the txposed grain, aid in enhancing and 
rendering v i s ibl e the l at ent image . 
RESULTS 
Film which contained t he properly formulated photographic emu l s ion 
was expos ed to x-ray rad i ation . The vol tage of the coppe r  x-ray tube 
ranged from 35 to SO ki l l ovo l t·s , and current ranged from 15 to 1 0  
mi l l iamps . Init ial ly , the fi lm was p l aced approximat e ly a foot from the 
anode p l at e . Aft er exposure times of 2 0  to 30 minut es , and fo l l owing 
proper deve lopment , no darkening of the fi lm was observed . As the fi lm 
was brought progre s s ively closer to the anode, the sens itivi ty increased , 
whi l e  exposure t imes decreased . At a di stance of approximat e ly 1 0  
centimet er s, exposur e't imes o f  2 minutes  were required . When the fi lm 
1 1  
was placed d i rect ly over t he x-ray beam's �perture , an exposure time 
of 2 0  seconds was suffic ient to develop a clear image o f  t he beam . 
Suitable film was coat"ed and several attempts at using thi s film 
for x-ray powder patterns were tried . However , even after l ong 
12 
exposure times; up to 6 hours , the results proved negat ive . Apparently , · 
the deflected x-ray beam off the powder was not s·uffi cient t o  cause 
exposure o f  t he film . 
At the suggestion of Dr. Granholm , work on the film'� sensi t ivity 
at higher vo ltages was begun on t]le electron mi croscope . A voltage 
o f  100  kill ovo l ts was possible for the electron beam o f  t he RCA electron 
mi croscope . Several exposures were taken with the film close to the 
generated electron beam . The time required for exposure dropped markedly 
down t o  six seconds . 
Though the t i me required for exposures was decreased due to  the 
higher voltage source , further work on the electron microscope proved 
d i ffi cu l t. The ent ire chamber in whi ch the electron beam is focused , 
as well as the position for the film cartridge , are under an enclosed 
vacuum . The sensitiv ity of the film at varying distances from the 
generated electron beam could not be invest igated due t o  the fixed 
position.of t he fi lm cartridge . 
Finally , one phase of research which was not invest igated is  that 
of sensit izing the film. The s ilver halide process uses silver sulfide 
as its sensi t izer .18 I t  is believed that where s i lver sulfide has been 
deposited on t he crystal , photo-produced electrons are attracted to the 
1 . f . 19 20 ·surface and , with it , the silver ions to enhance atent image ormat1on . ' 
If a subst anc e was found to  improve the sensit ivity of  t he nicke l 
-hypoph osphite fi lm ,  i t  wou ld great ly enhanc e the photographi c  propert ies 
of th is film pro cess . 
CONCLUS ION 
13 
Potential applications of t his process seem to be rewarding. Thus 
far , NASA21 has appl i ed the syst em to radi ography . It is a lso app licable 
to diffraction and radiat ion d etection. Other l ess d irect appli c at ions 
extend into fi elds of mirror formation, c ata lysis , print ed c ircuitry 
and pri nt ing . With such appl ications , it shoul d  find use in industry , 
medi cine and r esearch. 
Ini t ial work. on the nickel hyp ophosphite i:'ilm was begun because of 
the many ad vantages whi ch this process offered . Insensit ivi ty to  visibl e 
light avoid s th e need for l ight-proof cassettes and darkrooms . Fi lm 
p rep aration, exposure and d evelopment are carri ed out in  daylight or 
under conventional i l lumin ati on . The rel at ivel y more abundant and less 
costly n ickel replaces the silver employed in conventional photographic 
emulsi ons .  Shelf l ife, before .and aft er exposure , because o f  i t s  greater 
stabili ty , sjmplified film handl ing . 
The'investigation of nickel as a photographic pro cess has been 
discontinued . Due t o  its low sensitivity, i t  was fe lt that furt her 
research into one of its many pot ential  applications cou ld not be 
properl y  examined.at this t ime . 
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THE CRYSTAL AND MOLECULAR STRUCTURE OF 
3,7-:-Dihydroxy-l,5-Bis(p-Bromop henyl) Octahydro-1,5-Diazocine 
by 
CARY Y. PETERS 
THE CRYSTAL AND MOLRCULAR STRUCTURE OF 
3,, 7-Dihydroxy...,1,, S�Bis (p---Bromophenyl) Octaliydro""l .i 5 ... oiazocine · 
Abstract 
CARY Y. PETERS 
. .  
Under the supervision of Dr. William J·ensen 
The structure of 3,7.-dihydroxy-1,5-bis(p-bromophenyl) octahydro-
1,5-diazocine has been resolved from x-ray single crystal diffraction 
data. The diffraction data was obtained from a four circl·e diffractometer 
(using grap hite monochromated MoKo.c radiation) . The crystals are mo1io-
clinic and belong to the space group P21/c. The lattice constants are 
a ll . 35(4)A, b 12.05(4)A, c 16. 32(7). A, and B 97.2(2).0 Density 
measurements indicated four molecules per unit cell for the compound . 
The structure was solved by the method of symbolic addition as the 
initial sign de�ermining process. The structure was J�cfined by the 
block-matrix least squares analysis. The final R factor is 10.1%, while 
·the weighted R is 12.1% 
It was shown that the hydroxyl groups prefer cis positions on the 
8 membered ring, thereby affording_ less steric hindrance. 
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INTRO DUCT ION . 
For the past ten years , octahydro- 1,5 -diazocine . (!) and its 
derivat ives have been studied by several research groups . 1'21 3 Int erest 
in .these compounds was stimulat ed when it was rec ogni z ed that thi s 
H�o· . -H (_l) 
type o f  het ero cyc l i c  ring syst em was the central nuc l eus of curare type 
alka l oid s . Sin ce n itrog en p l ays ·a large rol e in many bi�l ogi cal  processes , 
an understand ing of t he chemis try of nitrogen influenced by its  lone pair 
of electrons wou ld contribute signifi cant ly t o  the knowl edge of some of 
these import a nt proces ses. 
A study o f  compounds in whi ch t he 3 , 7 -position was substi tuted were 
of particu lar inter est s ince these compounds provide handles  by whi ch it 
is feasible to synthesiz e  new unsaturat ed, heterocycl i c  ring s . 
--:...Attempt s to prepare derivatives of octahydro - 1 , 5 -di az o c ine gave a 
product (_�) which was thought to cont ain a mixture of c i s and trans , . 
isomers. 4 In fact , £rom the equat ion and a suitab l e  mechan i sm , there is 
no reason to suspect otherw:lse .  
CH2-CH-·CH2 
Pn-N/ 'o/ . ' CH-CH-CH 
2. ' / 2 
· o 
At this point t he dihydroxy compound (�_) reacted wit� PBr3 . fo l lowed 
by LiAlH4 to  yi e ld i s omeric p iper�z ines (�,_i), bot h  of t he ci s configu­
ration. On further examinat ion of the dihydroxy compound , i t  was 
di scovered to be on l y  one compound but o f  unknown confi gurat ion . s 
·O H  p�01 Psr 
. L1A1 A: 
I "Ph 
OH 
(3) 
Ph 
I 
I, 
·�h 
(4)  
To explain the format ion of (3) and Ci) a mechanism was put forth 
which required that t he start ing dihydroxy compound be .of the cis  
-confi guration . 6 X-ray data wa s t aken on the dihydroxy compound (�), but 
.the structure has not yet been solved . 7 
It was the� decided to prepare a compound simi lar t o  {�) but whi ch 
·.contained bromine . Thi s was accomplished by dis so lving (2) in DMSO and 
adding HBr g·a s  . 8 
2 
(5) 
·The r esulting dibromo compouna (5)  provided us with a compound 
.suitab le for x - ray studi e s . 
PURPOSE 
It was the purpose of this work to determine the configuration of 
'3 , 7-dihydroAy- 1 , 5 -d iphenyl octahydro-1 , 5 - diaz ocine (�) by d et ermin ing 
the configurat i on of 3 , 7-dihydroxy-1 , 5 -bis (p-b�omophenyl) octahydro-
1 , 5-diazocine (�) u s ing sing l e  crystal x- ray techniques . 
'X-RAY DIFFRACTION . 
Because o f  the three -dimensiona l periodicity of a crystal  structure , 
it is pos sible to construct s et s  of many p l anes that are paral l e l  to 
�each other . If an incid ent x-ray beam makes an ang l e  theta wit h  such 
a s et of p l anes , t he refl ect ed beam al s o  makes an ang l e  theta wi th the 
planes . 
Phys ical l y ,  t he process consi sts  of the scatt ering o f  t he x-rays 
by the electron clouds surround ing the at oms of t he crysta l . The 
observed pat tern is the resu lt of the construct ive and destruct iv e 
3 
interferenc e of the rad iati on s catt ered by all of t he
. 
atoms . 
X-rays are re flect e d  by a crystal according t o  the Bragg equation 
whi ch i s: 9· 
.2d s ine = nA. (1) 
The t erm A. is t he wavelength , d i s  the spacing between the planes o f  
atoms i n  the crystals, and theta i s  t h e  angle of incidence . The angle 
4 
of incid ence i s  determined by . planes of atoms in t he crys t al (the di stance 
between parallel planes as well as their orientations) . 
Miller indi ces  are used t o  catal ogue reflect ed x-rays . In general , 
h, k, and 1 d.escribe non-coplanar p l anes that are pres ent in the crystal. 
lhe let t er s  h ,  k ,  and l are the symbols used for Miller indices  and 
correspond t o  whole number rat ios of the lattice c onstant s a ,  b and c; 
whi ch are needed t o  intercept s et s  of para l l e l planes in the crystal 
lattice . 
The distance b etween given planes (d) can be found in any mono-
1. . . 
h f 11 . t" lO c 1n1c crystal using t e o owing equa ion : 
(2) 
In the equation a, b, and c are l attice constants and the angle S is the 
angle betweeJ1 t he a and c axi s .  
.MATHEMATI CAL RELAT IONSHI PS 
By measuring the intensities of the reflected beam from the plane 
(hkl), one obtain s the following reiationship:ll 
fF (hkl)l2e>(I (hkl) (3 ) 
5 
F(hkl) is known as the structure factor. The measured intensities requir e 
corrections for the polarization o� x-rays and other fact9rs which 
influence the intensity. Values for F (hkl) can be obtained from a 
set of measured intensities according to the equation: 12 
/Kijl� 
Lp 
{4) 
AgaJn,, F is the structure factor, I is the intensity of the x -ray beam ,  
and K is a proportionality constant . I t  is common practice to give . 
this structure fact or the symbol (F0) and call it the observed structure 
factor because it is derived from observed intensity data. 
'The L and p t erms are Lorentz and polarization factors respectively; 
these are concerned with the relative rat es at whi ch t he crystal passes 
through its reflecting orientation, and with the fact t hat the diffracted 
radiation is partly polarized}3 These are basically a simp l e  function of 
the Bragg ang l e  26. For a detailed discussion of Lorentz and polarization 
factors, consu l t Nuffield.14 
In addition to having a numerical value , the structure factor must 
have a s i gn corresponding· to its phase . Unfortunately, the term IFI, as 
defined in equation (4) can have two valu�s; one positive in sign and 
the other numerically equal but negative in si gn .  Only one o f  the signs 
can be corr ect . Thi s  apparent impas s e  i s  known as th e phase problem in 
crystallography. Determination of the correct sign.is, then , the 
fundamental problem of crystal structure solutions .  
6 
Atom positions in the unit cell can be used to calculate the magnitude 
of the structure factor , as well as its correct sign , indi cating its' 
phase .  Fe i s  t he symbol given to this structur e factor and r epre s ents 
the calculated structure factor derived from atom positions. Calculation 
of Fe from atom positions is obtained from equati on (5):15 
Fe = L As in (xh+yk+ zl) 2n + Bcos(xh+yk+zl)2n (5) 
The letters x, y, and z represent atom coordinates in terms of  unit cell 
parameters . The srnnmation i s  over all atom· positions in the unit cell . 
A and B are the atomic scattering factors for each individual atom , and are 
bas ically a function of the angle of reflection and the atomic number of 
the atom involved . If all atoms , or most of the atoms , contribute to 
�he structure factor in the same phase ,  th� structor factor will have 
a relatively hi gh value . 
From the g eneral struc·c.ure terms (and mathematical relationships) ,
 
the electron density at positions x, y, and z expr ess ed in unit cell 
fractions is equal to:16 
p(x,y,z) = � ��i (Fhk�xp[-2ni(hx+ky+lz)] (6) . 
It then becomes possible.to calculate an electron density if one 
knows the signs of the structure factors. The term V is the unit cell 
volume, and it normalizes the density in terms of electrons per cubic 
0 
Angstrom. The electron density at x, y, and z is p. The terms h, k, and 
1 are i�tegers over which the series is summed. Because of the three 
dimensional periodicity, a triple sununation is required. 
The placement of several atoms can then be used in equation (6) to 
-deduce a crude electron-density map. This first approximation map can 
lead to the estimate of the position of more of the atoms. Thus, with 
7 
equation (7) , the signs of the structure factors of more of the diffraction 
results can be obtained:17 
I I I . 
F(hkl) = const. m p(x,y,z)e2ni(hx+ky+lz)dxdydz (7) 
The remaining atoms in the molecule can usually be located if the 
signs of the calculated struct"ure factors and the magnitudes of the 
observed structure factors are used to make an electron density map. 
1'his type of map is called a Fourier synthesis and is often used to 
locate atoms for the model structures . 
.Use of equation (5) with correct atom positions will give a value 
of Fe which should match in magnitude the value of Fe). However, 
experimental errors are involved. Therefore, no match of Fe to F0 will 
8 
be perfect. An indication . of how wel l  the . two agree is calcul ated by 
the equation : l_ B 
· R � r · J · ! Fo l - IFc l 
I ! Fo l 
(8 ) 
This R value is commonly cal.l ed the reliability factor , and is 
, an arbitrary measure of the correctness of a struc ture . 
.When intensity data is co llected, there will be many reflections 
which are o.a l y  slightly above background level s .  Therefore , the 
accuracy of these reflections is obviously questionab le . A structure 
refined · and based heavily on these types of reflections would not be 
a true representation of the mo lecule. 
In an effort to compensate for the inherent errors of this type of 
Teflection , a weighting scheme is developed whereby these types of 
.ref.lection s are not counted as heavily in the calcu lation of the R · factor .  
A -number known as the weight , given the symbol w ,  is calculated for each 
reflection. ·it is simply a function of the estimated standard deviation 
of the intensity and must be calcul ated for every reflection. Calculation 
of the weighted R factor proceeds according to the equation : 
R = d l wFo l 
(9) 
E l wFo l 
A more val id structural inod.e l i.s obt ained · when the · we_ighted R factOl' 
is the one whi ch i s  minimi zed .  When the R factor i s  suffici ent l y  low ,  
the structure i s  said to be solved . From the atom coordinat es , bond · 
l engths , as we l l  as bond .ang l es , may be obtained . Add i t i onal l y ,  di agrams 
of the mol ecu l e  can now a l so be made . 
" METHODS OF SOLVING STRUCTURES 
The essent ial steps involved in a structura.l solut i on may be 
c l assifi ed into two broad areas . The initial step i s  to obt ain t he 
trial stru cture . After the atom coordinat e �  are known approximat e l y ,  
a comput er program i s  used whi ch wi l l  vary the pos it i ona l as wel l as 
the ·thermal paramet ers in such a way as to minimi z e  the R factor . Thi s · 
procedure wi l l  vary l itt l e  regard l ess of what method i s  us ed t o  obt ain 
the trial structure . 
A L Patt rso 1· n 1934, developed the method whi ch consist s  of . . , ·e n ,  
construct ing a map provid ing us eful  informat ion about the s tructure .  
The formu l a  u sed i s : i 9 
9 
P (x,y,z) 
r r r  
= hkl j F (hkl ) l 2 cos2n (hx+ky+l z) - (1 0) 
The terms on the right side are similar to those from the el ectron 
density function equation (7 ) . P is simply t he height of the peak 
at coordina tes x ,  y ,  and z . .  Since all distances between ai l at oms 
are cal�ulated ,  there are many peaks . The Patt erson function t hus 
gives a map of t he vectors between atoms. There is a Pat t erson peak 
for each int eratomic vector . 
P eaks associat ed with distances between symmetrically equivalent 
&toms are a l so shown. The se peaks ar e k.11own. 2.S. Harker peaks . 2 0 They 
arise bec au s e the v ectors between co:rresponding atonis of mo l ecu l es 
related by symmetry elements have one or more constant coordinat es . 
By finding the larger peaks, it is possibl e  to locat e the position of 
the more promin ant atoms . 
One method used quite often in solving a structure is called 
�he heavy�atom method. A heavy atom is at tached to the compound , and 
its position may be locat ed from the Patt erson map. From the position 
of the heavy atom, its· contribution to the structure factor may be 
calculated. I f  t he atom is heavy enough, it may by itself determine 
enough pha s es so that a Fourier map of the electron d ensity will reveal 
�he positions of some of the lighter atoms . On the oth er hand, it is 
desirable that the heavy atom not be .too heav y. If this is the case it 
10 
may dominate the scattering to such an extent that the lighter atoms 
cannot be recognized on the F�urier maps. A convenient rul e of thlL�b 
which has been u sed as a guide in the se l ection of a heavy atom is:2 1 
.I (Z2 heavy) 
J:(Z2 l ight) 
r--._, · 1 (11) 
11 
The Z ,  or atomic number of the he avy atom squared , should be approximate ly 
equal to the sum of the atomic number of the light atoms squared. 
Therefore ., the success of the heavy-atom method rests on the 
presence of an atom heavy enough to determine correctl y  the phases of 
- a substantial number of structure factors with l arge magnitudes . By 
finding its position , the signs of most of the structure factors are 
calcul ated correctl y. 
One direct method , known as the symbol ic addition method , can be 
used to obtain a trial structure .  This is termed a direct method in 
that an attempt is made to determine the phases of the structure. factors · 
·,without :first deducing a set of atomic positions . This method consists 
-0£ d etermining the signs of an arbitrary number of structure factors 
using mathematical rel ationships. Th ese structure factors with their 
-determin ed signs are then used to construct an el ectron density map . 
Regions of high el ectron density on the map are chosen for atom positions 
"which c�n be used for calculations of structure factors . The signs of 
the new calculated structure factors and the - magnitude of the· observed 
structure factors are then used to construct a new electron density map. 
Additional atom posit ions are loc�ted and the cycle is continued until 
- eventually the entire structure is determined. 
The number of reflections for which signs are n·eeded to be 
1 2  
detennined , i f  a structure is to be solved, is arbitrary and requires a 
decision from the crysta1lographer. However, a minimum of five reflections 
-per atom is recommended. 22 
If five reflections per atom is used as a standard , the crystal 
'Under inve'stigation with 27 atoms per unit cell would require the signs 
of 135 refl ection� determined .  These refl ections have 1 352 possible 
sign combinations, far too many combinations to handle, even with today ' s 
high speed comput ers. 
Symbolic addition allows one to reduce the number of sign combina­
tions to a reasonable number so that all possible sign combinations 
can be tried by Fourier synthesis. 
Intensity alone cannot be used as the criterion in the selection of 
Teflections for sign determination by symbolic addition. Atoms are not 
poh it charges so t he x -ray berun , when reflected, behaves as if it is not 
being reflected by all of the electrons in
· an atom . . The exact amount is 
l ess than the number of electrons in the atom. The amount of the 
electronic charge that the x-ray beam appears to be reflected by is known 
as the atomi c  scatteri.ng factor.  The scattering factor i s  a function of " 
the ang le of refl ection and fal l s  off sharply as the ang l e  of incidence 
increases . 
The intens ity of reflect ed x-rays , therefore , depends to a l arge 
ext ent on the ang l e  of refl ection . To remove the angu lar dependency, 
a . normal i z ed structure factor , E,  is cal cul ated for each refl ection by 
the fol lowing equati on : 2 3  
E -· Fo2 /� n A ·  2 c, t  1 
i . 
( 12) 
Th� t erm £ i s  a mul tiplicity factor and the summat ion i s  over al l atoms 
in the unit cel l . A is the at omic s cattering fact or for atom i at that 
angl e .  Thus , a high E value is the result  of mos t  of the at oms in the 
unit ce l l  diffract ing the x-ray beam in the same phase. 
Sayre is genera l l y credited with the first bas i c  method of re lating 
the signs o f  t he refl ection to  each other when cert a in cond itions of the 
l..t .: .  1 . d " 2 4  �u � er in i ce s  are met . His general equat ion i s : 
:S (Fhkl )  .. S (Fh ' k ' l ' ) · S (Fh-h ' , k-k ' , 1- 1  ' ) ( 13) 
.Simpl y  stat ed ,  the signs of .the structure factor wit h  indices h ,  k, 1 is 
probably equ a l  to  the product o f  the signs of (Fh ' k '  l ' )  and ( Fh -h ' , 
k-k ' , 1 - 1 ' ) . 
3 0 8 4 4 8  
1 3  
The symbo l i c  addition . proces s  depend s . to a l arge ext ent on 
probabil ity . Re fl ections . that are high in int ens ity have stat i st ical ly 
a large number of e l ectrons within the cryst a l  contribut ing in the same 
pha se to t he stru cture fact or . Us ing equation (13) , i f  the signs of 
(Fh ' k ' l ' ) and ( Fh-h ' , k- k ' , 1 - 1 ' )  are knoMl , the cal culat ed probabi l ity 
.of their sum giving the al gebraical ly correct product i s :2 5 
P = l / 2+ 1 / 2tanh [k ( j Ehkl · Eh ' k ' l t · Eh-h ' , k-k ' , 1 - l ' l ) J  ( 1 4) 
The E ' s  are the nonna l i z ed structur e factors , and P wi l l  v ary from 1 
(comp l et e  c ert ainty) to 1/2  (comp l ete uncert ainty) when one or more 
of the value s  ar e z ero . 
.. Ther e exi st eight reflection c lasses , and each i s  g iven a l et t er 
symbol for it s s ign . I t  i s  the s e  letter symbol s which ar e u sed for 
sign det erminat ions . The letter represent s it s true s ign whi ch may , 
14 
in the beginning , be p lus or minus . With the aid of equat ion (1 3 ) ,  other 
signs may be d et ermin ed . However , using ei ght let t er symbo l s ,  there are 
sti l l 82 pos s ib l e  .s ign combinations , as yet too large a quantity to 
deal with . 
We may take any refle ction and arbitrari ly det ermine its s ign . 
T:11is amounts to fixing the phases of al l other reflection s in t hi s  clas s . 
In a prim it ive monoclinic system , three symbo l s  may be a s s i gn ed arbitrary 
signs to  fix the origin of the unit cel l . Th e sel ection of the three 
f . . thm t 
. . " 2 6 re l ection s  may be done by "parity ar1 e 1c. Onc e  a few s i gns have 
been det ermined , equat ion (1 3 ) can be used to gen erat e more signs , and 
· the se in turn c an be u sed t o  produce more , .unt i l  a s ufficient numbe r of 
s igns h av e  be en deter mined . . 
With the aid o f  a t able which count s th e number of t im es the sign 
co mbinat io ns are in confl i ct , the . l es s likely po ssibilit i es are 
elim inated.  Fro m  tho se which are favor�b l e  (hav ing few cont rad ict ion s) , 
Fourier maps are p ro duced unt i l one which · g ives recognizab le ·mo l ecu l ar 
fragment s can be observed . . 
After the trial st ruct ure i s -o bt ained, final refi nement of the 
str uct ure can p ro ceed. · Refinement is usual l y  carried o ut by a computer 
program . The program minimi z es the R factor and wi l l  det ermine st and ard 
d ev iation s for al l ce l l  paramet ers. Fo l lowing the accurat e l ocat io n  o f  
the ato m po s it ions , di agrams and mod el s can t hen be p repar e d  t o  obtain 
an a c curate rep resent at ion o f  the mo lecu l e. 
DATA REDUCTI ON 
Intensit y  data co lle cted f ro m  the d iffracto met er rep resents the 
raw materi a l  f rom which cryst al st ructures are deduced. D at a  redu ct i on 
refer s to _ the p ro cess whi ch takes these int en sit ies and co nv ert s them 
to a co rr ected , mo re usab l e  fonn .  
The raw d at a  o bt ained from the diffracto met er an d then p laced 
on compute r c ards are th e Mil le r  indices h ,  k, and 1 .  Alo ng w ith these 
are the ang l e s ch i, p hi, and t het a, and the n et count fro m the intensi ty 
re ad ing .  This i s  o bt ain ed by mere ly subtract ing t he backgrou nd count 
fro m  a part icul ar refl ect ion . 
1 5  
1 6 
The output from t he data-reducti on program cons ist5 of a disk . 
record ,. one t o  a refl ect ion , containing the i nformation whi ch wi l l  be 
.needed for . subsequent ca lculations . Thi s inc ludes the sine of theta 
over lambda ( sin e/A.) , the observed structure factors and their squares . 
Additional l y ,  the standard deviations for the net intensity of a 
reflect-ion , a s  wel l  as the standard deviation · o f  the obs erved structure · 
factor , i s  cal cu l at ed .  
Stand ard d evi ati ons· were obtained from counter stat i stics where 
CT and CB represent the total background count s , respect ive l y , and the 
factor 0 . 03 represents an estimate of non- statistical errors : 
(15)  
Refl ections wi th I <3o 1 were not us ed i n  the refinement . No ab sorpt ion 
or d i spers ion correction was deemed necessary . 
. . 2 7 1 · d A weight i ng scheme based on count er statistics was app 1e . 
The weight factors for each refl ection are : 
( 1 6) 
The term F i s ca l cu l ated by the computer. us ing the fo l lowing equation :
2 8 
1 
2 
k 01 
.JLj} .J I 
( 17) 
The t erm 01 i s  the . standard dev iat ion of the int ens ity . The other 
t erms have the · same meaning a� in  equat ion ( 4_) � 
One of the maj or funct
.
ions of the output from t he d at a  reduct ion 
program is as  an input to the structure- fact or program . To carry thi s 
out it i s  necessary to know the x- ray s catt ering power for. each kind 
o f  atom in t he cel l . 
1 7  
The scatt ering power o f  a given atom for a given refl ection i s  known 
as i t s  scat ter ing factor (f) . Th
�i s  i s  expres s ed in t erms o f  th� s cattering 
power of an equival ent number of e lectrons l ocat ed at t he at om i c  nuc l eu s . 2 9 
The scatt ering power i s  a funct ion of the at om type and s in 8 / A. . 
The s catt ering factors for hydrogen at oms were obt ained in t abu lar form 
from the " Int ernat i ona l Tables  for X�ray Crysta l lography : 1 1 3 0  Non ­
hydrogen atomic s catt ering factors were g iven by Hanson e t  a i .· 3 1  
DI FFRACTOMETER DATA 
A suit ab l e  crys tal of 3 , 7 -dihydroxy- 1 , 5 -b i s (p - bromophenyl ) octahydro -
1 , 5-diazocine was t aken t o  I owa St ate University,  mount ed on their 
�ompµt er - control l ed ,  four circl e di ffractomet er , and intensity data was 
col l ect ed .  
ALICE (Ames Laborat ory Integrat ed Crystal lographic Evaluater ) is 
the vers ion of the index ing routine written for their computer syst em .  
A short descript ion of AL I CE and informat i·on obt ained from t he program 
i s  in ord er . 3 2 
The first st ep is that of cent ering the crysta_l on the di ffractomet er .  
· The program SETTER i s  used for thi s purpose . The ang l e s  20 , w , X j  and � are · 
designated by 1 ,  . 2 ,  3 ,  and 4 · respect ive ly . By merely .. typ ing in · an · ang l e  
pos it i on ,  the crys t a l  i s rotat ed to t he speci fied · po s it ion . New 
posit ions  are typed in (usual ly by rotat i qns of 90 ° ) unt i l  the crystal 
is al i gn ed on the · cro sshairs of the d iffract ometer t e l es cope . When 
· t Qe crystal is prop erly cent ered , a negat ive number i s  ent ered to caus e 
thi s rout ine to  t erminat e .  
The s econd step asks for the wave length u s ed ,  the mo l ecu l ar we ight 
·and d ensity o f  the compound . A po laro id casset t e  i s  then mount ed on 
the d i ffractomet er ,  and several omega osci l lation photographs are t ak"en . 
Omega o sc i l l at i on photographs w ith x -= 0 and <f> = 0, 3 0 ,  6 0, 9 0 , 1 2 0 ,  and 
150 are usua l ly adequate for a pr oper cel l ori entat ion . Ten t o  fi fteen 
osci l l at ions are usual ly taken so that g ood qual ity p i ctures can be 
obtained . I f  enough o sci l lation photographs have been t aken , N i s  typed 
in , and the rout ine proc eeds to the next step . 
The th ird st ep asks for X, ¢,  D and A values . The X and ¢ va lues 
are those as sociated wi th t he osci l l ation photographs that were taken . 
D represents the radial  dis tanc e and i s  measured from the r efl ect i on to 
a cent er point made v ia a smal l ho le in the beam stop . A is the ang l e  
in degre es appropriat e for the part i cular ref lect ion and i s  measured · 
counterc lockwi s e  from the right horizontal . 
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Aft er x, ¢ ,  D and A values are input , 2 8  and X va lues for the 
refl ection are comput ed . It  then searches · for the omega value by scanning 
through the range between - 1 0  to + 1 0  degrees in omega and l ooking for 
the refl ect i on "on the fl y" at 3 degrees per s econd . I f  a p eak o f  
reasonab le si z e  can b e  found , the omega value wi l l  then b e  typed out . 
If the search doe sn ' t  reveal a peak signi fi cant ly above background , X . 
wi l l  be offse t  by .- 1  and then by -2  degrees , then by + I  and - fina l l y  
by +2 degre e s from the init ial va lue and t h e  omega s earch r ep eat ed · 
for each of the cases . I f  t he refl ect ion peak i s  found in any o f  the s e  
passes , the omega value wi l l  be pr int ed out � I f  no peak c an b e  found , 
. the reflect ion wi l l  be r ej ect ed at �hi s point . The proces s · of inputt ing 
refl e ction s  i s  cont inued until an appropriat e number ( 1 2  or so) have 
been found , aft er whi ch time the program i s  t erminat ed . · 
The computer then takes the approximat e X ; ¢ ,  w and 26 valu es 
and "tunes" in on t he se in an effort to obtain more accurat e angular 
value s . Onc e  the re flections have been tuned , the actua l ind exing 
begins . For a thorough d i scus si on ort the i ndexing pro cedure , Jacobson 3 3  
should be con su l t ed . The error l imit , whi ch i s  an ind i cat ion o f  how 
we l l  a l i gned the  d iffractomet er i s , wi l l  be det ennined . The program 
types out thi s error l imit fol lowed by the r educed cel l vo lume , and 
r educed cel l scalars . Next the unit cel l paramet ers fo l lowed by . indices 
that have been d etermined by the indexing procedure of the original 
Teflection s , are print ed out . The orient at ion matrix , as we l l  as the 
·number of mol ecu l es p er eel 1 ,  are - al so det ermined in thi s  part of the 
program . 
I f  one i s  sat i sfied with the c e l l  that i s  obt ained , o s ci l l at ion 
photographs about the a ,  b ,  and c axes are · taken to ver i fy that no 
layers have been mi ss ed . Al so mirror synunetry e l ement s whi ch may be  
present may be observed to veri fy the crystal  system that has  been 
indicat ed v i a  the reduced cel l scalars . 
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Aft .er thi s step has been completed and the fir st c e l l . that i s  
-obt ain ed i s  the app1 ..opriat e  cel l for the crystal , · the ·progr am ALI CE 
. i s  comp l et ed . Now one i s  ready to tnit iat e the dat a  col l ect ion program . 
Al though the ori entat ion matrix produced by AL ICE i s  not high l y  
.accurat e ,  du e t o  the l ow ang l e  refl ections that are us ed , it  i s  
general ly suffi ci ent t o  al low · one t o  readi l y  find st·and.ard reflect ions 
to be used in the dat a co l l ection rout ine . 
. Standard s e lec t ion . invo lves sel ection of hi gher ang l e  refl ect ions 
·wi th high int ensit i es to serve as. standards for subsequent data 
- ·co l l ection . Three standards are se l ect ed whi ch wi l l  define t he c e l l . 
The st andard s are then returned . to aft er every �5 refl ect ions , from 
wid ch one can determ.1.ne if the crystal has undergone any d ecomposit ion 
under the x-ray beam ,  or if it has moved its po sit ion on t he gon iomet er 
head . 
The data col l ecti on procedure i s  al l comput er cont rol l ed ,  so that 
th e crystal is rotated to the needed Mi l l er indices aut omat ical ly . 
In itia l l y ,  the Mi l l er indi ces h and k are kept constant and 1 i s  a l l owed 
to increase . Then k i s  increased t i l l  it s limit is r eached ; final l y  the 
same rout ine is fo l l owed by h .  The program al so co l l e ct s  intensity 
readings · for reciprocal space in a simi lar manner . 
The mode of measurement on the four-circle  d i ffract omet er i s  to 
o ffs et omega an:d two theta , make a background measurement ,  and then go 
to the peak t op to obt ain its int ens ity . It wil l  do thi s for a l l t he 
re fl ections and may discard a reflection i f  it s int en s it y  i s  onl y  
marg inal l y  abov e background . The net int ensi t y  is  mere l y  t h e  t otal 
. . 
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· intens ity read ing minu s the intensity r�ading . from t he background . 
PRELIMINARY 
Cryst al s suitab l e  for an x-r�y singl e  crystal structure anal ys i s · 
. were obta ined -.by recrystal l i zati on from a· toluene- et han o l  so lvent . 
. The · so luti on was p laced i n  a samp l e  bott l e  ·and the so lvent was al l owed · 
t o  s lowl y  evaporate unt i l  suitab l e  crysta l s  were obtained . 
The resu l t ing crysta l s  were rect angular ly shaped with approx imat e 
d imensions of 0.2 X 0 . 6  X 0 . 3  mm .  The space group P2 1/c was deduced , 
from syst emat i c  ab sences obtained from di ffract ometer dat a . 
From d en s ity and un it cel l vo lume measurement s ,  four mo l ecu le s  
were det erm ined tc b e  pres ent per unit cel l . The .s ymmetry equivai ent 
pos it i ons in t hi s  unit are : 3 4  ( 1 ) x ,  ·y , z ;  ( 2 )  -x ,  -y ,  - z ;  (3)  x ,  
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0 . 5-y ,  O . S+z ; (4)  -x , O . S+y , 0 . 5- z .  The ca l culat ed d ens ity i s  1 . 52 g/cm 3 , 
whi l e  the obs erved d ensity i s  1 . 47 g/cm 3 (d et ermined by t he fl otat ion 
method ut i l i z ing an ethylene bromide .�and· Jilethano l so lut ion) . 3 5 
Diffractomet er dat a yi elded 4 2 7 7  independ ent ref l ect ions of whi ch 
171 9 were abo ve three est imat ed standard deviat ions o f  their int en sity . 
· These 1 7 1 9 refl ect ions were used for the final structure r efinement . 
E l even hi gh angl e r efl ect ion s  were centered at two t heta and minu s 
two thet a  and accurat e  l attice constant s were det ermined us ing comput er 
programs avai l able  at I owa St ate University . 
SOLVI NG TIIE STRUCTURE 
Firs� att empt s to solve the structure proceed ed through generation 
of a Patt erson map from the int ensity dat a .  Using reasonabl e 
.combinat ions (approximat e ly 9) , s evera l pos s ib l e  bromine . posit ion s  
wer e  l o cated . However , upon using these pos itions as trial  mod el s ,  they 
were unsl}cc essfu l  in devel op ing the atom positions of recogni zab l e  
mol ecul ar fragment s on Fouri er maps . 
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The method of symbo l i c �ddit ion was us ed to confirm the posit ions 
of the bromine atoms . Eight symbo l s  (A-H) were u sed for t he start ing 
s et ..  Three of the s e  (A, C, E)  were arbitrar i ly as s i gned a s  origin - fixing 
refl ecti ons . One o f  the signs (F)  �as . used infrequ ent l y  i n  bui ld ing up 
t he set of s i gned structure factors , so that it was di scarded . After 
five iterat ions the signs o f  1 65 refl ect ions were det ermined . 
With the aid of a contrad ict ion tabl e ,  whi ch count s how many t imes 
each s i gn  combj nat ion is in confl ict , four el ectron den s ity maps were 
generat ed which had no contradi ctions·. 
The el ectron dens ity map in whi ch the symbo l s  a l l had positive 
signs was found t o  be cons istent wi th the Patterson map . Aft er t wo 
carbon atoms ere p l aced in the tri al model ,  R fel l  to 0 . 5 1 ,  from whi ch 
�he entire mo l e cu l e was observed . 
REFINEMENT 
Foi lowing the p lacement of al l the atoms wi th i sotropi c  therma l  
parameters and one cyc l e  o f  least squares cal culations , R fel l from 
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0 . 5 1  to 0 . 25 . . B ecause . of th e large number . of at oms i n  t he mo l ecu l e , only 
hal f of the s tructure could be· refined w ith ani sotropic thermal 
paramet ers during a l east squar es cyc l e . Therefore ,  hal f  o f  the 
structure ' s  paramat ers were kept const ant · and the ot her ha l f  were a l l owed 
t: o  vary . The same was done for the other portion of the mo l ecu l e  a l so , -
caus ing R to · fa ll to only O .  24 . 
At thi s  point a difference map was generat ed to s e e  i f  there were . 
-
any at oms · whi ch were not p laced , but were pre s ent in . the _structure . It  
was found that thre e  atoms were not inc luded whi ch were p art of the 
mol ecu l e . From the r elat ive s ize of the peaks pr esent on t he 
difference map , t he atoms were suspect ed to be two carbons and an oxygen . 
Evident l y an e thanol mo l ecu l e  liad hydrogen bo lde<l to one of the 
hydroxides on the d iazocine ring dur ing recryst al li zat ion .  The po s it ion 
of the ethano l mo l ecule  was det ermined , p l aced in the l east  s qu ares 
ca l cu l at ion a long with th e rest of the mo l ecu l e  i sotrop i c a l ly , d imini shing 
R to 0 . 15 .  
Aft er t wo ful l cyc l e s , with hal f  of the mol ecul e being vari ed 
anisotropi ca l ly at a time ,  R fel l  to 0 . 1 3 6 . Because the posi t i ons 
of the atoms in the ethanol mo lecu l e  were sti l l  varying to  a great 
extent, they were kept i sotropi c .  However , fo l l owing t hree i sotropic 
cyc l e s , they were a l l owed to become ani sotropic , resul t ing in R dropping 
to 0 . 1 07 .  
The positi ons o f  a l l the hydrogen atoms , except tho s e  on the end 
carbon of the ethano l  mol ecu l e , were det ermined with the aid of a 
di fference map . The positional coordinates of the hydrogen a.toms were 
a l l owed t o  vary , whi l e  their temperature factors were he ld const ant . . 
Fo l lowing two cyc l es , in whi ch on l y  the hydrogen atoms vari ed and 
the rest of ·t _he atom·'· s pos itions were fi�ed , R became 0 . 1 04 . 
Final l y ,  hal f  o f  t he ·mol ecul e ,  inc luding the hydrogen· atoms , were 
varied , agairi with t he ir t emperature fact ors held cons tant . The 
same procedure was fo l l owed for the other ha lf o f  the mo l ec·u 1 e , 
result ing in a final R of 0 . 1 0 1  wit h  a weight ed R of 0 . 1 2 1 . 
·SUMMARY 
S ing l e  crystals  o f  3 , 7 -dihydroxy- l , 5  bis (parabromophenyl )  octa­
hydro- 1 , 5 -d iazoc ine were grown . and subsequent ly used t o  obtain a s et 
of x-ray intens ity data . The systemat i ca l J.y absent refl ect i ons that 
were reve al ed from the int ensity data were used t o  det ermine t he 
spac e group . 
The un it cel l translations and ang l es were init ial l y  obt ain ed from 
intensity dat a , and refined using el even high ang l e  refl ect ions . 
The structure was solved by the d irect method o f  symbol i c  addition . 
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The s igns o f  1 65 structur e factors were in itial l y  d et ermined ;  the s e  wer e 
·t hen used to generat e el ectron d ensity maps . The fourth e l e ctron 
d ensity map , in which the s igns of al l the structur e factors were 
positive , revea led the bromine positions consi stent with the Pat t erson 
map . 
The remain i ng atom posit ions were found from e lectron d ens ity maps 
and were refi ned by the block-matrix l east squares fitti ng pro cess .  
Difference Fourier maps fo l lowed by least squares adj u stment of  atom 
25 
parameters was u s ed to locate the hydrogen at om s . 
From the final atom pos it:ions for th� structure , a mol �cu l ar diagrru.n 
was made using the comput er program · oRTEP . • 3 6 A · computer was used to 
accurat e l y  ca l culate  bond l ength s and bond ang l es .  Al l at om posit ion s 
bad e stimat ed ' standard deviation values cal cu lated from the b l ock­
matrix r e finement . These standard d eviat ion va lues we.re t hen . u sed to 
ca l culate st and ard deviati�n s  in bond l engt hs and bond ang l es . 
Elucidation of the 3 , 7- d ihydroxy- 1 ; 5- bi s (p- bromophenyl ) octahydro -
1 , 5-d iazocine indicated that oxyg en atoms were o f  the c i s  configuration . 
A mo l ecu l e  o f  ethano l was hydrogen-bonded to oxygen atom 1 .  Thi s  \�iould 
not interfere with the steriocherni stry about the number 3 atom .  Sinc e 
the preparat i on o f  the tit l e  compound from 3 , 7 -dihydroxy- l , 5 d iphenyl 
octahydro- 1 , 5 - d iazocine did not affect the steriochem i stry about the 
3 , 7 positions the configurati on o f  3 , 7- dihydroxy- l , 5 d iphenyl octahydro -
1 , S-d i azocine must also be c is .  
Atom 
Br ( l )  
Br ( 2 )  
C ( l )  
C ( 2) 
C (3) 
C (4 )  
C (S) 
C (6) 
N ( l )  
C (7 )  
C (8)  
0 ( 1 )  
C (9)  
N ( 2) 
C ( l O) 
C ( ll) 
0 ( 2)  
C ( l 2 ) 
Tab l e  1 
Positional Paramet ers of the Nonhydrogen At oms 
(x 1 04 ) 
x 
3 1 3 (2)  
8977 (2) 
1 2 99 ( 1 2 )  
1 91 7 ( 1 4)  
2604 ( 1 3 ) 
2675 ( 1 2)  . 
2057 ( 14)  
1 352 ( 15) 
3328 ( 1 0) 
3 988 ( 1 4)  
5171  ( 1 3) 
5505 (9)  
5 1 44 ( 1 3)  
6082 ( 1 0) 
5504 ( 1 2) 
4235 ( 1 3 )  
3 8 9 1  ( 1 0) 
3268 ( 14 )  
y 
. 2029 ( 2 )  
1 4 99 ( 2 )  
7 1 9 ( 1 2) 
444 ( 1 4 ) 
-52 7 ( 1 3) 
-1 252 ( 1 2 ) 
-9 1 7 ( 1 4 )  
36 ( 1 5 )  
-222·6 ( 1 0) 
- 2524 ( 1 4 )  
. -1 969 ( 1 3 ) 
-2037 (7 ) 
-2569 ( 1 3 )  
. -2330 ( 1 0) 
-3096 ( 1 2 )  
-2748 ( 1 4 )  
-34 24 ( 1 0) 
-2999 ( 1 2 )  
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z 
7 0 94( 1 . ) 
-· 1 09 ( 1 )  
7 1 8 6 (9)  
65 4 3 ( 9) 
660 1 (9)  
7 3 07 (8)  
7956 ( 1 0) 
7 9 09 ( 9) 
7366 ( 7)  
6673 ( 1 0) 
6684 (8)  
5843 (5) 
7 24 6 (8)  
8 1 47 (6) 
8645 ( 9) 
87 7 9 (8)  
945 8 ( 6) 
8062 ( 8 ) 
Tab l e  1 (continued) 
Atom x . Y z 
. c (l� ) 67 02 ( 1 2 )  - 1 422 ( 1 2) 85 30 ( 8) 
C (l4 )  7386 ( 1 2 )  -695 ( 1 1 )  8 08 1  (8)  I 
C (l S) 8065 ( 1 3) 1 7 5 ( 1 3 )  84 7 0 ( 9 )  
C (l 6) 8027 ( 1 2 )  343  ( 1 1) 933 9 ( 8 ) 
C ( l 7 )  7 3 28 ( 1 4 )  - 298 ( 1 4 _)  97 95 ( 9) 
C (l 8) 6665 ( 1 5 )  - 1 1 99 ( 1 5 )  9392  ( 9) 
0 (3) 7 1 65 ( 1 0) -482 ( 8 )  5 6 8 1 (6) 
C (l 91) 8439 ( 1 5) . -324 ( 1 4) 58 30 ( 1 2) 
I 
- 14 1 0 ( 1 8 ) C ( 20) 8 997 ( 1 9) 
Atom 
H (l) 
H (2 )  
H (3 )  
H (4 )  
H (S) 
H (6) 
J J ( 7 )  
H (8 )  
H (9) 
H ( l O )  
H ( ll) 
H (l2) 
H {l3 ) 
H (l4 ) 
H (l5 ) 
H ( l6)  
H (l7)  
H ( 1 8 )  
H (l 9) 
Table 2 
. Positional Parameters of the Hydrogen Atoms 
(x 1 0 3 )  
x y 
263 ( 14 )  . 76 ( 1 4) 
2 9 1  ( 1 4) - 7 2 ( 14 )  
203 ( 1 4 ) - 1 1 7 ( 1 3 )  
1 00 ( 14 )  2 7 ( 14 )  
3 90 ( 1 5) - 3 1 8 ( 1 3)  
34 8 ( 15)  - 24 8 ( 1 4 ) 
S21  ( 1. 3 ) - 95 ( 1 5 )  
697 ( 1 5)  . - 2 1 0 ( 1 4 )  
7 08 ( 1 5) ·- 262 ( 1 4 ) 
62 1 ( 1 5) -3 14  ( 1 4) 
572 ( 1 5) - 3 1 7  ( 1 4.) 
425 ( 14)  - 2 00 ( 14 )  
4 1 4  ( 1 6) - 3 2 6 ( 1 4 )  
254 ( 15)  - 29 6 ( 1 4 )  
359 ( 1 4) .;.3 93 ( 1 5) 
747 ( 14)  - 55 ( 1 3 )  
872 ( 13) -81 ( 1 4 )  
727 ( 14)  - 4 2 ( 1 3 )  
578 ( 14)  - 14 7  ( 1 3) 
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z 
633 ( 1 0) 
600 ( 1 0) 
858 ( 1 0) 
8 2 0 ( 1 0) 
67 1 ( 1 1 )  
617  ( 1 1 ) 
67 5 ( 9) 
68 7 ( I O) 
733 ( 1 0) 
907 ( 1 1 )  
·949 ( 1 0) 
907 ( 1 0) . 
- 1 9 ( 9) 
8 2 3 ( 1 0) 
787 ( 9 )  
748 ( 1 0) 
8 1 6 ( 9) 
44 ( 1 0) 
956 ( 1 0) 
Ato� 
H (20) 
. H (2 1 )  
Tabl e  2 (cont inued) 
x 
8 93 ( 1 4 . 
904 ( 1 4 )  
y 
23( 1 3 )  
1 1  ( 1 3) 
29 
z 
656 ( 9) 
54 6 ( 1 0) 
Tabl e 3 
Tempe rat ure Paramet ers of the Nonhydrogen At oms 
(x 1 04) 
Atom B 11 B22 B3 3 B 1 2 
·----
Br ( l )  1 2 5  (2 ) 94 ( 1 ) 87  ( 1 )  8 ( 1 ) 
- 7 ( 1 ) 1 ( 1 )  
Br ( 2 )  1 7 9 ( 3 )  1 3 H2 J · . ·- 63 ( 1 ) - 5 9 ( 2 )  
� " 3 ( 1 ) · - 1 0 ( 1 ) 
C ( l )  7 0 ( 1 5 ) _ 69 ( 1 5) 7 2 ( 9) 1 9 ( 1 3 )  
- 3  ( 1 0) - 1 0 ( 9) 
C (2) . 96 ( 1 7 ) 1 1 8 ( 1 7 ) 47 ( 7 ) - 1 2 ( 14 ) 
6 ( 1 0) ·s ( IO)  
C (3) .: 9 1  ( 1 8 ) 96 ( 1 6) 42 (8 ) - 1 5 ( 1 4 )  
-3 ( 1 0 )  s ( 1 0) 
C (4 )  . 84 ( 16 )  97 ( 1 6)  2 7 (8 ) - 1 6 ( 1 4) 
4 ( 9 )  . 1 5  (9 ) 
C (5 )  .: 92( 1 6) 1 1 0 ( 1 6) 47 (8 ) - 1 7 ( 1 4 ) 
- 1 ( 1 0) ·- 4 ( 1 0) 
C (6) 1 2 0 ( 1 9 ) 1 08 ( 1 7 ) 46 (8)  - 2 7 (1
6 )  3 ( 1 0) 2 ( 1 0) 
N ( l )  9 1 ( 1 4) 97 ( 1 4 )  3 8  (6) - 7 ( 1
2 ) - 1 (8 ) 4 ( 8 ) 
C (7 ) 1 04 ( 1 6) 1 05 ( 1 5 )  40 (7 ) - 1 6 ( 1 4 )  
1 9 ( 9 )  - 1 3 ( 9) 
C (8) 9 5 ( 1 7 )  8 8  ( 1.6)  37 (8 ) 
- 1 ( 14 ) 2 ( 1 0) - 2 1  ( 9) 
0 (1 )  1 4 5 ( 1 2 ) 88 ( 1 0) 26 (4)  
1 ( 9) 1 9 (6)  - 1 4 (6) · 
C (9) 93 ( 1 6) 1 08 ( 1 6 )  23 ( 7 )  1 5 (
14 ) 1 3 ( 1 9) . -4 (9)  
N (2) 9 8 ( 1 4) . 98 ( 14 )  35 (6)  - 21 ( 1
2 ) 7 ( 8) -3 ( 8)  
C ( l O) 7 1  ( 1 6) 8 0 ( 1 5 ) 48 (
8 )  - 1 3 ( 1 3 )  8 ( 1 0) 
8 ( 9) 
C ( l l )  1 03 ( 1 7 )  1 1 7  (18 ) 33 ( 7 )  
- 1 1 ( 1 5 )  1 9 ( 1 0) 1 7 ( 1 0) 
0 (2 )  1 34 ( 1 2 )  1 2 0 ( 1 1 ) 35 (4 ) 
- 1 6 ( 1 0) 2 0 ( 6) 
9 (6) 
3 1  
Tab le 3 (cont inued) ·  
Atom B 1 1  B22 B 3 3 B 1 2 
B 1 3 B2 3 
C ( 1 2 ) 1 09 ( 1 8 )  5 8  ( 1 4) 33 (7 ) - 1 6 ( 1 3 ) - 8  ( 1 0) 1 5 ( 8)
. 
C ( l 3 ) 1 03 ( 1 5) 94 ( 1 7 ) 3 0 ( 8 ) 25 ( 1 6) 1 5  ( 1 0) 23 ( 1 0
) 
(Cl 4) 90 ( 1 7 ) 7 3  (1 5) 36 (8) . 4 ( 14 ) 3
( 1 0) 1 3  ( 1 0) 
C ( l S ) 1 08 ( 1 9) 1 07 (20)  38 ( 1 01 8 ( 1 7 ) 9 ( 1 1 ) 2 ( 1 1 ) 
C ( l 6) 89 ( 1. 8 ) 54 ( 14 ) ,
4 9 ( 9) . - 1 0 (1 3 ) 2 ( 1 1 ) - 1  (9) 
C ( l 7 ) 1 1 3  ( 2 0 ) 1 3 0 ( 1 9) 40 ( 8 ) . - 49 ( 1 7 ) 1 3  (
11 ) I - 1 6 ( 1 1 ) 
C ( 1 8 )  1 1 9 ( 2 1 )  1 4 3 (22 ) 43  ( 1 0) -6 ( 1 9)  
8 ( 1 2 ) 1 ( 1 2 ) 
0 ( 3) 1 39 ( 1 5) 91 ( 1 2 ) 7 1  (6) :  - 1 8 ( 1 1 ) 1 4 ( 8 ) 
- 2 ( 7 ) 
C ( l 9 ) 1 1 9 ( 24 ) 96 (20)  7 9 ( 1 0
) 7 ( 1 9) 6 ( 1 3 ) - 48 ( 1 2 ) 
C ( 20) 1 8 6 ( 26) 1 31  (24) 7 0 ( 1 2 ) 
33 ( 2 2 ) 1 0 ( 1 4 ) - 6 ( 14 ) 
Ani sot ropic t emperature factors 
are in the form : 
exp - 1 0- 4 (h2 B 1 1 + kz B2 2 + 1 2 8 3 3 + 2hkB 1 2 
+ 2h1 � 1 3 + 2kl B2 3 ) 
3 2  
Table 4 
0 1nt eratomic Distance s (A) 
At om 1 Atom 2 Di s t ance . Atom 1 Atom 2 Dis t ance 
-�-
0 0 Br ( l )  c ( 1 )  1 . 93 ( l ) A  C (8)  C ( 9 )  1 .  5_3 (2) A . 
Br ( 2 )  C ( l 6) 1 .  9.1 ( 1 )  C ( 9) H ( 8 )  1 . 1 ( 2) 
C ( l )  C ( 2 )  1 .  38  ( 2 )  c (9)  H (9 )  1 .  2 (2)  
c ( 1 )  C (6)  1 .  43  ( 2 )  C (9)  N (2 )  1 .  51. (2)  
C ( 2)  H ( l ) 1 . 0 ( 1 )  N (2) C ( l 3) 1 . 4 0 ( 2)  
C ( 2 )  C (3 )  1 .  4 0  (2)  N ( 2)  C ( l O) 1 .  4 3  (2 )  
C ( 3 ) H (2) 1 . 1 (?) C ( l O) H ( l O) 1 . 1 ( 1 )  
C (3)  C (4 )  1 .  44  ( 2 )  C ( l O) H ( l l ) 1 .  3 (2)  
C (4 )  N ( l )  1 .  39 (2)  C ( l O) C ( l l ) 1 .  52 ( 2 )  
C (4 )  C ( S) 1 .  40 (2)  C ( l l ) H ( 1 2 ) 1 .  0 ( 1 )  
C (5 )  H (3)  1 . 1  ( 2 )  C ( l l ) 0 ( 2 )  1 . 4 6 ( 2)  
C (5 )  C (6) 1 . 4 1  (2)  C ( l l )  C ( 1 2 )  1 .  5 3  (2)  
C (6)  H (4 )  1 .  0 (2) 0 ( 2) H ( 1 3) 1 .  0 ( 2)  
N (l )  C ( 1 2) 1 . 48 (2)  - - C ( l 2 )  H ( 1 4 )  0 . 9 ( 1 )  
N ( l )  C ( 7 )  1 .  48 ( 2) C ( l 2) H ( l S ) 1 . 0 ( 1 ) 
C (7 )  H (5 )  1 .  2 (2 )  · c ( l3 ) C ( l 4 )  1 . 4 1  (2 )  
C (7 )  H ( 6) 1 .  0 ( 2) C ( l 3 ) C ( 1 8 )  1 . 4 3 (2)  
C ( 7 )  C (B )  1 . 4 9 ( 2 )  C ( 14 ) H ( l6)  0 . 9 ( 2) 
C (S)  H (7 ) 1 . 0 ( 1 ) C ( l 4) C ( l S )  1 . 4 0 ( 2)  
C (8)  0 ( 1 )  1 . 46 ( 2 )  C ,( 1 5 ) H ( l 7 )  1 .  4 2  ( 2 )  
Tab le 4 (continued) 
Atom 1 Atom 2 Dis t ance Atom 1 Atom 2 Distance 
0 0 
. c ( 1 5 )  C ( l6) 1 . 42 (2 ) A 0 (3)  C ( l 9) 1 .  42  ( 3 ) A  
C ( l 6) C (l 7 )  1. 3 7  (-2 )  C ( l 9) C ( 2 0 )  1 . 4 7 ( 3) 
C ( 1 7 ) H ( l 8 )  1 .  0 ( 2)  C (l 9) H ( 20 ) 1 .  0 ( 1 )  
C (l  7 ) C ( l 8) 1 . 4 1 ( 2)  ·- C ( l 9) H ( 2 1 )  1 .  2 ( 2 )  
C ( l 8 )  H { l 9 ) 1 . 1( 1 ) 
Br ( l )  C ( l )  C ( 2 )  
B� ( l )  C ( l )  C ( 6) 
C ( 2)  c ( 1 )  C f 6) 
C ( l )  c c 2 r C (3) 
C ( l )  C ( 2)  H ( l ) 
C (2 )  C (3 ) C (4 )  
C (2 )  C (3 )  H ( 2 )  
C (3)  C (4 )  C (S )  
C (3) C (4 ) N ( I )  
C ( S) C (4 )  N (l ) 
C (4 )  C ( S )  C (6)  
C ( 6) C ( S )  H (3 )  
C ( l )  C (6) C ( S)  
C (S)  C ( 6)  H (4)  
C (4)  N ( l )  C (7 )  
C (4 ) N ( l )  - c ( 1 2 ) 
C (7 )  · N ( l )  C ( 1 2) 
N ( l )  C (7 )  C (8)  
N ( l )  C ( 7 )  H (S)  
C (8) C (7 )  H ( 6) 
.. C ( 7 )  C ( 8)  0 ( 1 )  
C (7)  C (8 )  C ( 9) 
C ( 7 ) C (8 )  H (7 )  
Tab l e  5 
Interatomic Ang l es 
1 1 9 (1 ) 0 0 (1 )  
1°2 0 (1 )  0 ( 1 )  
1 21 (1 ) C ( 9) 
1 1 9 (1 )  C ( 8) 
1 33 (8 ) ·  N ( 2) 
1 23 (1 ) N (2)  
1 09 (7 ) C (9) 
1 1 7  (1 ) C (9)  
1 2 3  (1 ) C ( l O) 
1 2 0 (1 )  N ( 2) 
1 2 2 (1 ) N ( 2) 
1 02 (6) C ( l l )  
1 1 9 (1 )  C ( l O) 
1 05 (7 ) C ( l O) 
1 1 8 (1 ) C ( l O) 
1 2 1  (1 ) 0 ( 2) 
1 2 1  (1 ) C ( l l )  
1 1 5  (1 ) N ( l )  
1 1 0 (1 0) N ( l )  
1 04 ( 1 2) N ( l )  
1 07 ( 1 )  C ( l l ) 
1 1 2 ( 1 )  C ( l l )  
1 02 (6) N ( 2) 
C ( 8)  
C (B )  
C ( B )  
C ( 9) 
C ( 9)  
C ( 9)  
N ( 2 )  
·N ( 2 )  
N ( 2)  
C ( l O) 
C ( l O) 
C ( l O) 
C ( l l ) 
C ( l l ) 
C ( l l ) 
C ( l l )  
0 ( 2 )  
C ( l 2) 
C ( l 2) 
C ( 1 2) 
C ( 1 2) 
C ( 1 2) 
C ( l 3 )  
C ( 9 )  1 06 ( 1 )  0 
H ( 7 )  1 1 7 (9)  
H ( 7 )  1 1 2  (8)  
N ( 2 )  . 1 12 ( 1 )  
H (8 )  1 1 5 (8 )  
H ( 9)  96 ( 8 )  
C ( l O) 1 1 9 ( 1 )  
c ( 1 3) . 1 2 1  ( 1 )  
C ( 1 3 )  , 1 20 ( 1 )  
C ( l l )  1 1 6 ( 1 )  
H ( l l )  1 1 4 ( 8 )  
H ( l O) 93 (6)  
o ( 2 )  1 0 9 ( 1 )  
C ( l 2 )  1 1 4 ( 1 )  
H ( 1 2 )  1 1 3 (6) 
C ( l 2 )  1 03 ( 1 )  
H ( l 3) 1 1 3 (8 )  
C ( l l )  1 1 2  ( 1 )  
H ( 1 4)  1 09 (9)  
H ( l S )  1 04 (8)  
H ( 1 4 )  l l S  (9) 
H ( lS )  1 1 1  ( 7 )  
C ( l4 )  1 2 2 ( 1 )  
Table 5 (continued) . 
N ( 2) C ( l 3 ) C ( l 8 )  1 2 1 ( 1 ) 0 � ( 1 5 ) 
C ( l4 ) C ( l3) C ( l 8 )  1 17 ( 1 )  C ( l 6) 
C ( 1 3 )  C ( 14 )  C (l 5) 1 22 { 1 )  C ( 16)  
C ( 1 3 )  c ( 14 ). H ( 16)  1 2 1 (7 )  . c ( 1 8) 
. c (14 )  C. ( 1 5)  C ( 1 6) 1 1 9 ( 1 )  C ( 1 3) 
C { l 4 ) C ( l 5 ) . H ( l  7) 1 26 (8)  C ( 1 7 )  
C ( 1 6 )  C ( l S ) H ( l7) 1 1 5 (8)  0 (3)  
Br ( 2 )  C ( l 6)  C ( l S )  1 2 0 ( 1 )  C ( 20) 
Br ( 2 )  C ( l 6) C ( l 7 ) 1 1 9 ( 1 )  C { 20) 
C { l 6 ) 
C { l 7 )  
C { l 7 ) 
C ( l 7) 
C ( 18)  
C { l 8 )  
C ( 1 9) 
C { l 9 ) 
C ( 1 9) 
. . ..  ; � • '.- 1-
C ( 1 7) 
C ( 1 8 )  
H ( 1 8) 
H { l 8 )  
C ( l 7 ) 
H ( 1 9) 
C ( 2 0) 
H ( 2 0 )  
H ( 2 1 )  . 
.35 
1 2 0 ( 1 ) 0 
1 2 0 ( 1) 
1 15 (7 ) 
1 23 (7)  . 
_1 2 1  ( 1 )  
1 2 3 (8)  
1 08 ( 1 )  
93 ( 7)  
94 ( 1 2) 
36 
Table 6 
O B S E R V E D  ANO C A L CUL A T E D  S TR U C T U R E  F AC T O R S  
H 1 K= o ,  0 1 1 · 3 5  3 5  9 l 7  1 3 .1 0  l .O 1 1  H , K = l ,  9 1 2 8  3 0  L F O B  F C A  1 2  9 8 H , K= o ,  1 0 1 1  CJ 8 L F O B  l C A 8 4 4 
2 5 2 5 2 1 3 7 9 l F O B  F C A 1 2  2 4 0 1 1  1 0  9 2 6  2 2  - � 1 2  7 8  1 4 5 8 2 '• 0 34 1 4  1 3  1 2  1 4 4 1 0  2 4  2 4  
6 4 6  4 6 H , K =  o ,  5 5 3 ._, H , K = l t  4 2 2 2 2 1  l l  8 9 
8 2 5  2 3  l F O B  F C A 6 7 9 . l F O B  F C A  3 5 1 1 2  ) 5 
1 0 3 1  3 1  l 4 3  3 7  H 1 K =  0 9  1 1  0 3 3  34 6 2 8  2 5  1 3  1 6  1 6 
1 2 7 7 2 1 1  1 7 L F O B  F C A  1 . 5 2 5 2 H 1 K = 1 ,  1 0  IA · . 2 5 
1 4 2 5  2 8  3 4 7 4 4  1 £ 5 2 4 3 3 9 L F O B F C A  H , K = 2 ,  4 
H 1 K= o ,  1 4 . 1 8  1 7  2 4 4 3 1 3  1 1  0 1 5 l F O B  F C A  l F O B  F C A  5 3 2 2 8  3 3 5 4 · 4 6 1 2 5 · l 60 58 1 . 1 8  1 9  6 1 8  1 3 4 1 2  1 1 5 4 3  4 2 2 2 9  2 3  2 5 3  5 5  
2 4 0 4 3  1 3 3  3 3  H , K = l ,  0 6 2 2  1 9  3 2 2 3 ·  9 . 9  3 6 S  6 5  8 6 1 l F O B  f C A  · 7 . . 4 0  3 5 . 6 4 · 4 · 5 5 1  4 9  
4 8 2 7 9  9 1 3  1 3  0 4 6  5 4 8 3 7  3 2  � . K = 1 1  · l l  8 8 8 
5 6 0  5 2  1 0 2 3  2 2  2 3 2 3 9 9 3 2 l F O B  F CA 9 2 1  2 1 ' 
6 3 1  3 0 1 ·2  2 9  2 1  4 1'4 7 1 .5 1  1 1 28 28 0 2 3 1 0  9 1 1  1 . 5 0  4 7  H 1 K = o ,  6 6 2 2 l �  1 2  . 1 5  1 6  2 1 8 1 8  1 1  l5 1 5  
8 2 0  2 6 L F O B  F C A  8 · 2 5  2 2  1 3 2 6 H 1 K =  2 , · . 0 1 2  4 5 9 1 4 1 6  0 3 7 3 6 1 0 3' 1 2 8  1 4  4 6 l F O B F C A  1 3  1 7  1 5  1 1 1 4 1 5  1 4 9 4 9  1 2  1 0 8 t; , K = l t  5 0 9 1 0  H 1 K = 2 ,  5 
1 2  3 5 2 6 3  5 4  H 1 K= l t l l F O B  F C A  2 2 7  2 1  l F O B  F C A  
1 4  3 8  3 9  3 4 1  3 7  l F O B  F C A  0 4 9  4 6  4 3 6 0 4 6  . 4 3  
1 5  9 9 4 2 4  2 2  0 2 0  2 1  1 2 5 6 . 3 2  3 4  I 1 1 1 1  
· H , K z  o ,  2 5 8 6 l 3 8  3 9  2 4 9  4 1  8 2 l. 2 4 6  4 4  
l F O B  f C A  6 2 1 1 9  2 1 6 1 7 3 2 3 10 4 6 3 1 0  1 1  
0 9 7  9 7  7 3 2 3 4 7 4 2  4 5 7  54 1 2  1 7 1 8  4 3 8  4 0  
1 6 6 8 1 4 1 1  4 1 1 5 1 2 3 5 4 7  44 H , K= 2 ,  1 5 2 9  2 8  
7. 6 5  6 '• 9 6 1 5 -17 1 4 6 3 6  3 5 L f O B  F C A 6 3 7  3 7  
3 2 8  2 5  1 0  2 3 � 1 5  1 5  7 . 1 7  1 5  0 1 6  1 8  1 2 2  2 2  
" 3 7  3 9  1 1 � 9 1 6 6 0 l 9  1 6  1 2 1  2 1  e 3 6  -� (, 
5 1 6  1 6  1 2 2 4 8 8 �  8 0  9 1 7  1 7  2 62 6 0 9 3 3  3 1  
6 1 1 1 3  2 5  2 4 9 3 6 1 0  2 7  3 1  3 5 9 1 0  1 0  · 9 
1 3 0  2 0  H , K= o ,  1 1 0 1 7 1 2  2 2 4 6 7  64 1 1 1 3  1 3 
8 6 5 l F OB f C A  1 1  1 4  1 2  H , K = l t  6 5 1 6  1 7  1 2  z 1 
9 1 9 2 0 1 60 5 3 1 2 2 0 2 0  l F O B  H A  6 1 4  1 2 H t K= 2 .  6 
1 0 n n 2 . 3 5 1 4  8 8 0 4 2  3 8  1 n 2 1  l f O fl  F C A  
1 1  3 3  3 4  3 1 3 1 1  H 1 K= l t 2 1 6 7  5 7  8 6 1  5 8  0 2 6  2 5 
1 2 3 6 4 3 1  2 9  l F O B  F C A  2 1 1 1 0  9 1 6  1 6 1 1 0  9 
1 5  4 5 5 50 4 3  0 4 7 4 7  3 4 2 3 8  1 0  1 1  9 2 1 9  1 5  
H 1 K = o ,  3 6 9 6 1 8 5  9 2  . 4  1 6  1 5 1 2  2 7  2 7  3 7 0 ' 6 1  
L F O B  F C A  1 4 7 2 2 0  1 1  5 1 2 1 1 1 3 5 1 5 1 6 1 6  
· 1 9 8 8 7 8 3 8 5 6 2 0 1 9  1 4  1 5  1 4  6 1 5  1 2 
2 2 3 2 3  9 2 9  2 5  4 5 7  5 3  7 1 4 1 6 
H 1 K = 2 ,  2 7 2 2  1 9 
3 9 6  9 8  1 0 1 2  1 3 5 3 3  3 3  9 34 34 L f 06 f C A  8 2 2  2 0  
It 3 2 H , K = o ,  8 6 s· 8 1 1 9 1 1  0 1 3 8 1 5 5 9 8 6 
6 1 0 1 2  L FOB f CA 1 3 9  3 7  H 1 K= 1 ,  1 1 1 5 6 1 7 5 10 3 5 
1 6 0  8 0  0 2 0  2 2  8 1 7  1 7  l f 0 6  f C A 2 3 4  3 5  1 1  3 5 
8 7 8 l 1 0  1 2  9 2 4 2 2  0 2 3 3 1 3 1 2  1 0 1 1 
1 0 3 4 2 2 6 2 2 . 1 0  1 6 1 5 1 1 3  1 2  4 1 0  1 0  H , K = 2 ,  1 
1 1 2 3 2 2  3 1 5 1 6  1 1  3 3  3 3  2 3 5 5 8 8  8 6  l f 0 8  F C A 
1 2  8 7 4 2 4 1 2 1 8 1 5  4 1 9 1 7  6 2 1  2 1  1 5 6 
1 3  1 0  1 0  5 8 6 1 3  1 7  1 5  5 5 0  4 5  7 1 8  1 8  3 9 9 
l it  1 7 6 2 3 1 4  4 7 7 1 3  1 0  9 2 6  2 4  4 l 4 
H e K= o ,  4 7 . 1 0 8 1 5  1 6  1 8  8 5 · a 1 0  3 7 5 2 4  2 3  
L F O B  F C A  8 1 4 1 5 H , K = l t  3 9 4 1 1 1 1 9 2 1  1 2 7  2 6 
0 l 3  2 4  9 1 0 1 1 L F O B F C A H 1 K =  l t  8 1 2  1 3  1 2  8 2 2  1 7  
1 1 0  3 6 0 1 2 1 1 l F O B  f C A  1 4 9 � l . 9 2 6 2 4  60 · 6 2 
H 1 K = . 2 ,  3 1 1  1 0 9 2 8 7  8 b  H , K = o ,  q 1 5 5  5 4  0 1 4 1 0  
3 l f 0 8  f C A  2 2 1  2 1  2 3 2  2 9  L F O B  F C A  H , K = 2 .  8 2 0 1 8 
0 3 4  3 3 L f 0 6  F C A " 4 0 3 5  l b 6 . 3 58  �8  3 2 8 2 6  2 7  2 6  
s 2 3  ·2 0  4 6 5 4 2 0 1 7  2 0 1 5 1 3 24 2 5 2 3 6 5  6 2  1 6 9 6 2 0  2 0 4 2 2  2 0  6 5 0  4 6  5 3 5 2 4  2 6  
1 1 5  1 3 3  3 3  1 8 9 4 2 4 1  36 32 2 9  5 1 6  5 1 0  1 0  3 5 5 4 9  8 2 8 2 8 b 30 2 8 8 1 1  1 3 8 2 4 6 .  4 2 4 2  4 1 2  1 1  9 1 4 8 1 5  1 5  9 3 5 9 2 0 zo· 
37 Tabl e 6 (cont inued )  
6 2 1  22 6 3 5  3 6  1 1 2  1 1  5 4 2  3 8  1 1 9  1 7  6 1 1  1 0 1 2 7  2 2  6 1 9 1 8  8 3 4 b 3 5  3 3  3 9 7 3 0  3 1  9 tf t K = 2 .  9 . 9  3 9  38  9 1 0  1 1  7 1 9  i"a 4 4 8 8 1 6 1 5  l F O B F C A  10  1 6 1 7 H , K = 3 , 9 9 4 0 3 8  6 1 3  1 1 . 1 1 2 1 o ·  2 4  2 2  1 2  - 5· 7 l F O B  FCA rn· . 2 1  1 9 7 1 3  1 4 H , K = 5 ,  5 2 6 4 1 3 8 8 0 3 2  2 1  1 2 2 0  1 9 H , K =  4 ,  1 0 L F O B  F C A  3 1 1  1 0  H , K = 3 ,  4 l 1 1  9 1 3  1 1 1  l F OB F C A l ·2 2  2 1  4 9 q l F O B  FC A 2 · 1 4  ·1 2 . H e K =  4 ,  4 0 2 6  2 3 3 1 1 1 1 6 2 0  2 0  0 1 1 1 1  3 1 4  1 6  L F O B  F C A  l 6 tJ 4 3 6 7 1 1  1 0  l 8 8  9 0  4 2 3 0 2 2 2 4  2 1 8 5 1 2  1 0  8 2 4 2 2 1 2 1  6 2 6  2 3  1 5 4  5 7  3 2 1 6 1 8 1 7 lh K= 2 ,  1 0 3 · 1 2 1 2  7 1 5 1 3  2 5 7 5 6  4 . 2 1 1 6  7 2 6  2 4  
l F O B  F C A 4 't 8 .  4 6 H , K =  3 ,  1 0  3 4 6  4 9  H , K =  5 ,  .0 8 4 8 0 2 5 2 2  5 2 3  2 5  " l F O B  F C A  4 2 4  2 2  L F O B - F C A  9 2 0  2 0 
2 : 2 0  1 8  7 2 6 O · · 7 1 2 5 3 3  3 0  0 1 0 . 9 1 0  2 q 
3 1 1 8 1 8  1 9 l 2 1 6 1 7 1 7  2 1 2 7 4  1 1  2 0 1 8  " 1 1 1 0 . 9 ·  4 9 - 2 1 0  1 0  1 . 1 3  1 1 4 9 9 H ' K.= 5 ,  6 . H , K = 2 ,  1 1  1 0 3 2  30 3 3 5 8 3 1 - 3 0  6 5 8  5 3  l F O B  F C A l F O B f C l\  1 1  2 6 4 2 �  2 3  9 2 5 8 1 4  1 2  0 2 1 2 0  0 1 2 10 H 1 K =  3 , 5 5 3 2 H , K = 4 ,  5 1 0 2 1  2 1  1 1 9  1 7  
l 3 4 L F O B  F C A  H ,  K =  3 ,  1 1  l F O B F C A 1 2  l 7  2 0  . 2  2 0  1 9 
H e K =  3 , 0 0 3'5 3 4  L F O B  FC A 0 1 8  2 0  H , K = 5 ,  1 3 2 8  2 5  L F O B  F CA l 1 2  1 3  0 2 Q  1 9 l 3 4  3 0 l F O B F C A 4 1 0  1 1  
0 2 8  3 2 2 1 6  1 5 H 1 K = 4 , 0 2 1 6 1 8 0 4 9  5 3 5 1 9  1 8  
2 5 1  5 8  3 2 4 l F O B  FC A 3 2 1  2 1  1 7 8 6 2 4  2 4  " 6 5  6 4  4 3 9  3 5  0 2 9 · 2 9  · 4  7 9 2 2 4 1 1 9 1 7  
6 56 5 7  5 3 4  3 3  2 7 6  8 8  5 2 1  1 9  3 . 2 2 2 2  8 2 2 8 29 2 6  6 1 7  1 8  4 1 3  1 3  6 1 0 1 1  4 . 1 3  1 3  9 6 l l  
1 0  1 5  1 5  7 2 9  2 7  6 . 5 3  5 5 1 2 1  2 0  5 2 6  2 8  1 0  8 1 2 
1 2  3 6  . 3 7  8 2 5 8 2 3 9 2 2 2 1  6 3 0  2 8  H , K = 5 , 1 
H , r. -=  3 , 1 9 li' 1 6  1 0  2 9  2 8  · .  :. o  2 7 1 1 9  2 0  l.. f C �  r e �  l f (l (i  F C A  l C  2 5 1 2  1 5  ). 5  1 2  D 9 8 1 5  1 2  0 2 9  2 �  
0 1 8  1 5  1 1  1 4  1 4 H , K = 4 ,  l H 1 K =  4 , 6 9 1 1  1 2 l J 4  2 9  2 50 lt 9  1 2 7 1 1 l F O B  FC A l F O B  F C A 1 0 2 6  2 6  2 8 7 
3 1 7 1 7  H , K =  '.h 6 0 5 7 0 1 8  .1 7  1 1 5 1 0 4 1 0 1 0  4 3 5  4 0 l f O B  F C A  l 1 6  1 9  2 3 5  3 4  H , K =  5 , 2 .  5 1 3  1 3 
5 2 5 · 2 6  0 1 7 1 6 2 2 3  2 7  3 4 6 4 2  l F O S  F C A 6 4 1J. 
6 2 3 l 1 2  1 4 3 7 8 4 1 9 1 8 0 2 2  2 3  1 2 0  1 9  
1 1 0  1 1 2 1 1  1 1 4 3 3  3 2 5 2 1  1 9  l 3 9  4 v  H 1 K =  5 ,  8 
8 3 1  3 9  3 4 7 4 9  5 2 3  2 2 6 1 9 1 9 2 2 6  2 6  l F O B  F C A  
9 2 5  2 4  4 1 6 6 i q  1 9  7 2 3 2 2 3 9 9 0 . 4  7 
1 3  7 8 5 5 8 1 2 2  2 2  8 1 2 1 1  4 · 2 9  2 7 1 l l  1 2  
H , K = 3 , 2 6 8 6 8 3 1  3 2  1 0 2 6 5 3 2 2 3 5 
l FO B FC A 7 1 6  1 5 9 1 9 1 7  H 1 K =  4 , 1 6 2 9  2 7 3 1 2  1 3  
0 7 8  8 7  8 1 4 1 2 1 0  2 6  2 3  l F O B  F C A  1 1 9 2 0  4 2 3  2 3  
1 15 1 1  9 2 0 1 9  1 1  3 9 0 2 6 9 1 0  1 0  5 2 0  1 7  
2 1 0 7  1 1 9 1 0  1 3  1 3  1 2 9 1 0  1 2 q  2 1  1 1  1 9  1 9  7 3 8 
3 3 6 H e K =  3 ,  1 1 3 8 1 0  3 2 0  1 7 H , K = 5 , 3 H ,_K= 5 ,  9 
4 7 9  7 4 l F O B  F C A  H 1 K =  4 ; 2 4 5 1 1  l F O B  F C A  l F O B  F C A 
5 5 7  5 8 l 2 1  2 0  l F O B FC A 
5 H 1 7  o . 4 4 4 5 0 2 6  2 5  
6 3 5  3 4  3 1 0  9 0 2 1 2 3  6 8 6 l 1 2  1 2  1 9 1 0  
1 2'2 2 0  4 2 5  2 3 1 4 5 1 1 9 1 9 2 1 7  2 1  2 5 6 
8 3 6  3 3  5 8 1 0  2 6 8  7 0  9 5 1 2  3 5 5  5 3  5 8 1 0 
9 6 8 6 2 2  1 8  3 2 8 2 6 1 0  9 1 0 5 1 5  1 7  H e K = 5 ,  1 0  
1 0  3 3 1 3 0 2 b  5 1 3 1 3  H 1 K = 4 ,  8 1 2 3 l F O B  f C A  ,. 
L F O B  8 2 0 1 5  1 3  1 1  2 4  2 5  8 8 1 1  6 3 4  3 5  F C A  6 
1 2  2 2 2 1  1 1 1 6  1 6 7 1 5  1 3  0 3 1  2 9 9 1 6 1 6  1 8 9 
1 3  5 8 H e K = 3 ,  8 8 l 5 l 1 1 1 1  p 1 3  H 1 K = 6 ,  0 
1 4 3 5 l F O B  F C A  q 3 4 2 1 4  1 2  H , K = ; , 4 l FOB F C A  
3 0 2 4 1 3 1 3 1 1  3 2 1 2 0 l F O B  F C A 0 1 5  1 8 H , K= 3 , 
2 1 1  7 3  
l F O B  F C A  l 8 9 H , K =  4 ,  3 4 1 3  1 2 0 4 9  5 0  
2 1 9  1 8 l F O B  FC A 5 1 2  1 1  1 3 8  3 9 4 9 1 1 0 4 0 4 4  
6 3 1 3 3  
l 1 7  1 8 3 3 0  2 6 0 l 
4 7 3 5 2 3 4 
8 It 4 
2 2 4  24 4 1 1  1 1  1 2 4 2 4  t ,  K =  4 , 9 3 6 9  6 8 
5 1 0  2 2 5 l F O B F C A  4 2 5 2 3  1 0 1 8 3 5 1  4 6 b 
5 8 2  8 1 6 i o- 9 3 3 5 3 9  0 7 8 5 2 7  2 6  
Tabl e  6 . (continued) 38 
H 1 K = 6 ,  1 4 2 3 0 1 5  1 3  0 4 5 H 1 K =  q ,  4 - 1  29 28 
l F O B  f C A  5 . 2 3  2 2  2 1 2  1 2 l 3 0 2 7  L F OB F C A  - 8  1 5 
0 3 2  3 3  1 2 1 3 2 0  1 5  2 2 6  2 4  0 1 5  1 4  - 9 · 2 0  2 0  
1 2 3 8 4 5 4 1 1 l l  4 4 1 1 2 . 6 - 1 0  2 8  2 7  
2 1 2  1 3  9 2 5 6 4 6 5 1 3 1 1  3 1 5 1 4 - 1 1 3 6  3 4  
� 3 8 1 0 H ,  K ::  6 ,  7 1 1 9  1 9  6 5 1 0  5 3 8 - 1 5 4 5 
't 3 4  . 3 2 l f O ti  f C A  8 7 .8 1 1 2  1 3  . _ H , K= 9 , 5 H , K =  o ,  3 
5 2 0 1 8  0 2 4 9 5 1 8 2 3 l F O B F C A  l f O B f C A  
6 3 0  3 0  l 3 2 2 8  H t K = 1 ,  5 H , K= s ,  4 1 1 4 . 1 3 - 1  B 8 
9 1 6  1 5  3 1 1  . 1 2 l F O B F C A  l F O B .F C A.  2 4 . 5 - 2  2 3 2 3  
1 0  2 3 2 3 4 2 3 0 3 0  3 0  0 2 5 3 3 6 - 3  8 6 98 
H 1 K = 6 ,  2 · 6 1 3  1 3 l 2 9  2 5  ·. 1 4 5 H , K=. 9 , 6 -4 3 2 
l F O B  F C A  7 '  1 7  1 7  2 i. 8  1 5  2 9 8 l F O B F C A  -6 1 0  1 2  
· l 1 1  1 1  H , K= 6 ,  8 3 9 1 0  3 1 5  1 3  0 1 1 1  - 1  8 3  80 
2 3 1  2 9  L F O B F C A 4 2 5  2 5  5 2 3  2 0  l 6 9 - 8  8 8 
3 · 5 4· . 5 1  o . 1 3 · 1 3  5 2 0  2 0  1 1 0  . 1 0  - H ; K= 1 0 ,  0 .::q 1 4 
4 .  4 8  4 6  l 1 2 1 4  6 6 1 H , K= 8 ,  5 L F O B F C- A  - 1 0  5 4 
5. 3 5 4 1 5  1 3  . 7 2 3 l f- O B F C A  0 3 4 - 1 1  2 6  2 2 
6 2 0  1 7  5 2 2 1 8  8 1 0  1 0  l 2 7  2 5  2 8 7 - 1 2  1 7 
1 2 1  2 2  H , K= 6 ,  9 H 1 K= 1 ,  6 2 1 1  9 4 1 8 - 1 3  1 3 1 0 
8 1 3  1 3  L F O B  F C A  L F O B F C A� 3 1 5  1 4  H e K = l O t  1 - 1 4  7 7 
q 1 2  1 2  0 3 5 l 2 6  2 7  5 6 1 l F O B F C A  H , t<= o ,  4 
1 1  2 1 1 3 8 2 8 8 6 8 1 0  0 5 6 L F OB F C A 
H 1 K =  6 1 3 2 3 5 3 2 3 2 2  · H , K= a ,  6 l 1 2 1 2  - 1  6 1 6 2  
l F O B f C A  H , K= 7 ,  0 4 1 7  1 7  l F O B F C A  2 1 4  1 2  -2 8 4  8 6  
0 3 3  3 5  L F O B F C A  s 1 9  1 1  2 1 3  1 4 H , K = 1 0 ,  3 - 3  1 9  1 8  
l 1 7  1 7  0 9 1 3  H , K= 1 ,  1 4 5 1 L F O B F C A  -4 3 4  3 5  
2 34 3 1  2 1 9  1 7  L F O B F C A  5 2 9  2 7  l 1 6 · p -5 2 5  2 5  
3 1 9  1 8  4 1 2 1 0  0 1 5  1 5 H , K= a ,  1 2 2 4 -6 2 0 2 0  
It 1 3  1 2  6 1 8 1 7  l 2 0  . 1 8  l F OB F C A  H , K= 1 0 ,  4 
- 7 3 3  2 9 
5 2 3  2 4  8 2 1  1 8  2 2 4 0 6 9 l F O B F C A  - 8 2 1  2 8 
8 1 9  2 0  H , K = 7 ,  l 3 1 1 1 0  l 1 - 9 
0 6 5 - 9  5 4 
'j 1 8  1 6  L f O B  F C A  6 2 5 3 1 4  1 2  H , K = o ,  0 - 1 1 3 7  3 5  
1 0 2 7 0 5 5  5 3 
H , Y.= 1 ,  8 t ! , K = 9 , c L F O C3 F C A - 1 2  1 1 8 
H t l< = 6 t 4 l 1 1 1 1 L F O B F C A  l F O B F C A  -2 53 52 - 1 3  9 9 
l f UB F C A  2 1 1  1 0 0 1 3  1 2 0 5 4 -4 7 1  7 8  - 1 4 7 · 8' 
0 2 3  2 2  3 l 5 1 1 7  1 7  2 4 5 -6 4 6 46 H , K= o ,  5 
1 2 3 2 4 4 8 8 3 2 2 4 2 3  2 2  .-8 2 5  2 3  L F OB F CA 
2 1 5  l 5 5 6 7 H , K= a ,  0 6 1 2  1 1  - 1 0 3 2  3 1  . - 1  3 9  3 1  
3 3 2  3 1  6 1 6  1 5 l F O B F C A  H , K= 9 ,  1 - 1 2 1 7 - 2  1 7  1 7  
" 3 8 3 6  7 1 2 1 2  0 1 8 L F O B  F C A  
- 1 4 2 8  2 8  - 3  4 6  44 
5 1 3 1 4  1 0 1 4 1 3 2 8 1 0  0 3 4  2 9 H 1 K= o ,  l - 4  1 6  1 7  
6 1 4  1 4  H , K =  1 ,  2 4 5 8  5 5 l 2 2  1 9  L F O B  f C A - 5  2 4  2 8  
7 3 4  3 2 l F O B f C A  6 1 2  1 0  2 14 
· 1 1 - 1  1 5 1 9 -6 1 8 1 3  
8 1 1 1 1  l 3 4 8 1 5 1 5  H 1 K= 9 , 3 -2 3 9  4 3  
- 7  33  3 3  
H 1 K = 6 ,  5 3 3 9  4 1  
H , K= e ,  l L F O B F C A  -3 62 6 5 - 8  4 1 
l F O B  F C .A 4 9 9 l F O B F C A  3 2 3 -4 8 2 7 9  
-9 1 5  1 3 
0 1 5  1 5  5 2 5 
0 3 3  3 l  H , K = 9 ,  l - 5  5 1  5 2  - 1 0 2 5  2 2  I 
1 2 2 2 1  6 1 4  1 3  l 1 8 I L F O B F C A  
- 6  3 2 30 - 1 2 3 1  2 7  I 
2 2 7  2 5  1 2 2  2 2  2 2 4  2 2  - . 5 5 6 
-7 5 1  4 7  H 1 K = o ,  6 
4 1 8  1 9  8 2 1  2 2  4 4 1  3 6  6 3 
3 -8 28 2 6 l F OB F C A 
6 1 4  1 2  9 3 6 
5 4 5 H , K= 9 ,  2 - 9 1 5  1 6 - 1  5 1  49 
7 1 7  1 6  1 0  1 2  1 2  
6 5 1 L F O B  F C A  - 1 0  3 4 - 2  6 4  54 
8 2 7 H r K = 7 ,  3 1 6 1 0 
3 6 - 1 1 1 3  1 5  - 3  40 31 
9 3 6 l F O B F C A  8 6 5 l 
3 .  3 - 1 2 3 5 -4 2 3  2 2  
H 1 K = 6 ,  6 0 8 · 9 H , K = a .  2 3 1 5  1 2  
- 1 3 3 3 -5 5 6 
l F O B  F C A  1 2 1  2 0  
l F O B  F C A  4 8 1 - 1 4  4 0  39 -6 1 5  1 9  
1 1 7  1 7  2 2 5 1 1 7  1 6 
6 5 7 - 1 5  1 0 9 -7 l 2 
2 1 9  1 9  3 2 4 2 6 1 
H e K = 9 ,  3 H , K= o , 2 ·  -8 14 1 1  
3 4 2 5 3 1 9  1 7  L 
F OB F C A  l F OB F C A - 9  7 1 
4 1 
6 2 4 4 1 7  1 5 0 5 
6 - 1  6 6 - 1 1  7 9 
1 8 7 6 1 0 1 0  l 
2 3 2 0  -2 5 7  64 - 1 3 2 6 24 
8 1 3  1 2  1 1 9 1 6 
2 2 0  1 6 -3 2 7  2 5  H , K -= o ,  1 
9 4 8 8 1
0 1 0 5 1 4  1 5  - 4  3 7  3 9  
l f 0 8  F CA 
1 .  4 
H , K= a , 3 6 6 5 . -5 1 5  1 6  - 1  6 1  5 3  
H , K = 
l F O B F C A 
-6 1 1 -2 2 5 
l F OB F C A 
Tab l e  6 (continued) 3 9  
- 3  1 3  1 1 - 1  1 3  1
°
4 -1 26 2 5  ·� 6 6 0  1 0  - � 3  2 6 H e K =  3 , 1 
-4 · 29 2 9  -2 8 1 0 -8 2 1  1 8  -- 1  1 0  ! O  tt , K =- z .  6 l f 0 8  F C A 
-5 4 7 4 3 -3 6 1 6 5  - 9  1 6  1 5  - 8  9 6 l F O B  f.= C A  - 1  1 7  1 5  
-6 4 8 -4 5 8  6 3  - 1 0  3 0  2 7  -9 2 0  J. 7 - 1  5 0  4 9  - 2  1 2 5  1 4 7  
-8 7 8 -5 2 2 - 1 1  1 3  1 1 - 1 0  4 5  lt O  -l 1 7  1 3  - 3  1 7  1 9  
- 9 26 2 5  - 6  2 2  2 1  - 1 2  4 . 7 - 1 1  . 4 4 -4 1 9  · �  - 5  2 9  3 0  
- 1 0  1 2 1 3 - 1  6 1 - 1 3 1 2. 1 2 - 1 2 3 6 -6 1 2  1 5  
- 6  8 6  8 7  
H 1 K = 0 1 8 - 8  1 2 1 0  H , K = l t 1 - 1 3  2 5 2 3  - 7  1 9  1 9  - 7  2 3  2 1  
l f 06 f CA -9 2 1  1 9  l f O B  F C A  H , K =  2 ,  2 -a 1 4  1 5  - 8 2 8  2 6  
- 1  1 0 1 2  - 1 0 2 6  2 3  - 1  3 5 3 1  l F O B  F C A - 9  3 9 - L O 9 1 0  
-2 2 4  2 2  - 1 2 1 1 8 - 2  1 6  1 3 - 1  3 9  4 5 - 1 0  2 '• - 1 2 2 1 . 1 9  
- l  1 6 1 6  - 1 3  2 2 - 3 l l  9 -2 1 5  l o  - 1 1  · 2 2  z o  - 1 3 1 0  1 0 
-4 2 4 � 1 4 6 6 -4 1 2  9 - 3  5 4  6 1  - 1 2  7 9 - 1 4  4 7 
-5 · 4 6 - 1 5 5 9 -5 6 5  6 0  - 5  4 8  4 6  H , K = 2 ,  1 
' H , K ==  3 , 2 
-1 4 8 H , K = 1 1 3 . - 6  1 2  1 3  - 6 4 1  3 8  L F O B  F C A . l F O B  F C A 
-� 1 0  1 5  l _F OB F C A - 1  2 2 - 7  2 2 - 1  3 9  3 3  - 1  4 7 5 0  
- 9  5 1 1 - 1  !><J 59 - 8 1 0 ! 2  - 6  4 8 4 6  - 2  3 7  3 5  - 2  5 3  5 2  
- 1 0 · 5 6 - 2 3 7  4 0 -9 36 36 -9 1 8  1 7  - 3  1 4  1 2  - 3  4 0  't 4  
- 1 1  3 3 -3 7 8 8 6 - 1 0 2 5 . - 1 0  3 0  2 9  - 4  2 6 - 4  3 2 3 3  
H 1 K = o ,  9 -4 24 29 H r K = l r 8 - 1 1 9 1 1  - 5  3 0  3 3  - 5  5 2  54 
l f 06 F C A - 5  1 8  1 8  l F O B  -F C A  - 1 2  5 6 - 6  1 8  1 8  - 6  · 1 a 1 9  
- 1 5 6 - 6  2 8  2 8  - 1  4 2 39 - 1 3  2 1  1 9  - 9  1 4 1 3  - 1  2. 0  2 0 
-2 22 2 0 - 1 8 3  7 9  - 2  . 3 3  3 1  - 1 4 6 8 - 1 1 1 7  1 6  - 8  l 2 
-4 2 2 2 0 -8 . 2 2  2 2  - 3  4 3 H , K =  2 ,  3 H , K =  2 ,  8 
- 9  6 9  6 2  
- 5  1 5 1 5  -9 9 8 - 5  1 1  1 0 L F O B  F C A  
l F OB F C A  - 1 0 4 1 
. -6 30 2 8  - 1 0 6 5 - 7  3 2 - 1  3 9  4 1  - 1  4 7  4 5  
- 1 1  1- 8 
-8 1 6  1 5  - 1 1 2 5  2 2  - 8  4 1 0  - 3  4 3  4 7  - 2  CJ 1 
- 1 3 2 1  1 8  
-9 1 2  1 3  - 1 2  3 5 - 9 1 4 1 5  - 4  5 1  5 9  - 3  1 4  l 3  
- 1 4 1 0 9 
H 1 K= o ,  1 0  - 1 3 1 6  1 3  - 1 0  3 5 - 5  1 7  1 7  
-4 4 6 - 1 5 3 4 
l F OB f C A  - 1 4 3 6 P. , K = l t 9 -6 9 1 -6 2 1 
H 1 K = 3 , 3 
-2 3 9  3 4 H , K = 1 1 4 L F D.B F C A  - 1  2 9  2 8  - 7  1 7  1 5  
L F O B  F C A  
-'t 2 2 l F O O F C A  - ! 1 7  1 6  - �  2 2  2 C  - 8  2 6 
- 1 · 3 8 
-5 9 1 - 1  4 0  4 0  - �  1 5  1 5  -9 33 30 - l. l  9 lJ 
- 2 3 5 
-6 8 9 - 2  3 9  3 5  - 3  2 3 - 1 0  2 0  1 9  t-f ,  K =. 2 ,  q 
- 3  3 0  3 2  
_ H , Kii: o ,  1 1 - 3  5 6  5 8  - 4 1 8  1 5  - 1 1  2 1  2 2  l F O B  F C A  
- 4 6 1  6 6  
l F OB F C A -4 3 1  3 0  - �  3 0  2 9  - 1 2  4 1 - 1  1 6  1 3  
- 5  l '• 1 4  
- 1 3 5 -6 3 1  3 2  -6 1 8  1 7 - 1 3  1 6  1 5  - 3  2 5 
- 6  1 3  1 4  
-2 It 4 - 7  1 3 1 3  -8 1 3 1 2 - 1 4  1 2  1 1  - 4  3 4  3 1  
- 1  3 5 3 4 
-3 6 ·5 - 8  2 1  1 9  · H , K =  l t 1 0  - 1 5  4 6 - 8  2 7 
- 8  4 7 
-4 1 0 1 1  -9 3 1  3 0 l F OB F C A  t1 , K = 2 ,  4 H , K : 2
,  1 0  - 9  1 7  l 7  
H , K = 1 .  0 - 1 0 3 1  2 9  - 1  4 5 L F O B  F C A  L F O B 
F C A  - L O 1 9 2 0  
L f 06 F C A - 1 1  2 -2 40 32 
: - 1  6 6 - 1  2 3 - 1 2  5 1 4 
-2 49 48 - 1 2 1 9  1 7 - 4  9 1 0  -2 3 7  3 9  - 2  1 2  1 0 
- 1 3  1 7  1 7 
-4 55 6 0  - 1 3  4 8 - 5  8 5 . - 3  5 6  6 1  - 3  
2 l. H , K = 3 , 4 
-6 4 2 4 3  H r K= 1 1 5 -6 8 8 - 4 5 8 -4 
1 4  1 4  l f 0 8  f C A  
-8 65 6 3  L F OB F C A H 1 K =  1 '  1 1  - 5  3 8  4 0  - 5  
5 1 - 1 1 9  1 1  
- 1 0  7 1  6 6  - 1  1 7  1 6  l F O B  F C A - 6  3 5  3 2  
H , K =  2 ,  1 1 - 2  2 0  1 9  
- 1 2 8 6 -2 6 4 - 1 5 5 -1 1 0  9 
L f 0 6  F C A  - 3  1 7  2 1  
- 1 4 4 0  3 7  - 3  3 0  2 8 - 3  1 6 . 1 5- - 8  2 6  2 5  
- 1  4 8 - 4  1 9  1 7  
H r K= l ,  l - 4  3 1  3 3  - 4  9 _ 9 -9 8 6 
- 2  5 1 - 5  5 8 
l F O B  F C A -5 4 6  4 7  H , K =  2 ,  0 - 1 1  1 1 1 1  
- 3 " - 6 - 6  1 1  1 2 
- 1 3 5 3 5  - 6  1 3  1 3 L f 0 6  F C A  - 1 2  2 6 2 6
 - 4  2 3  2 2  
- 1  2 1  2 2  
-2 3 3  3 5  - 7  3 3 3 1 - 2  3 4 - 1 3 1 4  
1 2  H 1 K= 3 ,  0 - 9  4 2  3 9  
-3 . 1 1 3 1 1 8 - 8  2 3 - 4  3 6  3 5  - 1 4  3 5 
l F O B  F C A  - 1 1  2 1 
-4 4 8  4 7  - 9  2 0  1 8  -6 5 0  4 8  H , K = 2 ,  
5 - 2  8 1 8 6  - 1 2 1 1  1 1 
-5 56 5 1 - 1 0  5 6 - 8  6 1 l f 0 8  
F C A - 4  2 2 - 1 3  2 2  1 9 
-6 66 62 - 1 2  - 1 0  6 5  5 8 - 1  4 5
 4 8  -6 8 1 0 - 1 4  1 3  1 2  
3 3 
-7 5 3 5 1 - 1 3 5 8 - 1 2  2 1 -2 . ·  
6 9 -8 1 4  1 5  H , K =  3 , 5 
1 1  1 1  3 5  3 5 - 1 0 1 6 1 4 
l F OB f C A  
-8 29 2 9 - 1 4 6 7 - 1 4 -3 l - 4  1 6 - 1 4 2 2 - 1  3 8  4 1  
-9 3 5 H , K =  l r  6 H , K =  2 ,  
- 1 1  3 6 l 
F OB F C A - 5  1 8  1 9 
- 2  3 7  3 8  
l F O B  F C A  - 3  ltl H 
- 1 2  !> . 7 - 1  
4 3  49 -6 37 3 7 
- 1  4 9  4 4  -·4 3 5  4 0  
- 1 3 8 9 . 
-2 78 89 - 8 3 6 3 3  
- 3  1 8 1 6  
- 5  4 5  4 6  
- 1 4 2 4 
- 3  5 1  5 4 - 1 0 1 6  1 5  
-4 35 34 -6 3 1  
3 1  
H 1 K• 1 '  2 - 5  3 7 3 7  
-4 9 1 0 - 1 1 3 5 
l F O B F C A  -5 1 6 l b  - 1 2  
1 9 1 6 - 1  21t 2 3  
- 6  1 1  1 1  - 8  2 1  2 1 
� 
Tab l e  6 . (cont inued) 40 
- 9  1 4 1 5  - 1 0 3 0  2 9 - - 7 1 8 1 7 - 9  6 6 - 2  1 2 1 3 - 8  4 6 
- 1 0  22  1 9 - 1 2  2 9  2 7  - 1 0 3 1 - 1 0 1 4  1 5 - 5  4 7 - 9  2 6  2 5  
- 1 3  8 9 - 1 3  6 9 - 1 1  2 3  2 2  - l l 1 7  1 6 H , K =  5 ,  9 - 1 0  3 5 
H , K = 3 ,  6 - 1 4  4 6 H , K =. 4 ,  7 - 1 2  2 2  1 9  L F O B  F C A  - 1 1 1 3  1 3 
l F O B  F C A . H , K =  4 , 2 l F O a F C A  - 1 3  1 5  1 4  .;_ 2  1 9 1 6  - 1 2 2 5 
- 1  4 1 3 9  L F OB F CA .- l  1 4  1 4  - 1 4  1 3  1 0 - 3  9 1 1  H , K = 6 ,  5 
- 2  1 8  1 8 - 1  1 8  2 2  - 2  2. 3 H , K = 5 , 3 - 4 1 1 1 2  l F O B F C A  
. - 3 1 8  1 4  - 3  4 7  49 - 3  2 8  2 6  I l F O B  F C A  - 1  2 4 - 1  2 4  2 3  
- 6  5 1 0 - 4  3 5 -4 1 9  1 8  - 1  7 9  8 4  H , K = 5 ,  1 0  - 2  9 1 1  
- 1  2 6 2 5  - 5  4 5 4 4  - 6  8 1 1 - 2  2 5  2 6  l F O B F CA - 3  2 6  2 6  
- 9  9 1 2  . - 6  4 6 - 7  1 7 1 8  - 3 1 9 - 2  8 9 · - 4 8 9 
- 1 0 1 5  1 5 - 1  2 6  2 5 - 9 1 1 l 3  - 4  2 0 2 2  H , K = 6 ,  0 - 5  2 4 2 3  
- 1 1  1 1  1 2  - 8  24 2 4  - 1 0 2 1 - 5  3 3 3 3  l F O B  F C A  - 7  1 5 1 3  
H , K = · 3 . 1 - 9  36 3 2  . .  H , K =  4 , 8 - 6 - 4 1 --2 8 1 0- - 8  6 1 
""" l F O B F CA - 1 0 1 7 1 5 L F OB F C A - 1  2 4 2 3  - 4  
. 3 8 3 7- ·  H , K ;:  6 ,  6 
· - 1  1 2 1 5  - 1 1 1 4  1 3  - 1  1 5  1 3  - 8  " 1 - 6  1 2  1 1  L F O B F C A  
- 2  2 6  2. 7  - 1 2 24 22 -: 2  1 0  1 0  - 9  1 2 1 1  - 8  4 1 3 6 - 1  3 5 ·  
- 3  2 7 2 5  - 1 3 1 1 - 3  1 2 1 4  - 1 1  1 6 1 3  - 1 0 3 1  3 3  - 2  1 6 1 5  
- 5  34 3 3 - 1 '• 1 3  1 1 -: 4 1 0 - - 1 3  2 4 - 1 2 1 2  a .  
! 
- 3  9 1 2 9 
- 6  1 6  1 9 H , K =  4 ,  3 - 5  5 9 - 1 4 1 1 1 2 H , K = 6 ,  l - 4 2 6  2 5  
- 7  4 7 l F O B F C A  - 6  5 1 0  H , K =  5 , 4 L F O B · F C A  - 5  1 9 2 0  
- 9  2 5 - 1  5 1  6 5  - 7  8 1 4  L F OB· f C A  - l  1 7  1 6 . . - 6  2 4 
H 1 K • 3 ,  8 - 2  1 7  1 8 - 8  1 4 .  1 6 - 2  1 7  1 9  - 2  3 0  3 2  - 7 2 1  2 1 
l . F OB F CA - 3  1 9  1 8  H , K =  4 ,  9 - 3  1 9  1 9 - 3  1 7  1 8 - o  2 2  2 3  
- 1  32 30 - 4  2 4 2 6  L F OB F C A  . - 4  2 3 - 4 5 0 4 7 - 9  2 6 
- 2  1 0 1 0  - 5  6 7 6 5  - 1  3 6 
- 5  2 0  1 9  - 5  2 9  2 8 H , K = 6 ,  7 
- 3  1 7 1 7  - 7  8 9 - 2  6 8 - 6 3 3  3 5  - 7  1 7  1 4  L F O B F C A  
- 5 2 9 - 8  3 2  3 0  - 3  .2 0 1 7  - 1  1 6  1 5  - 8  1 1 1 1 - l  1 5  1 5 
- 1  3 1 3 3  - 9  1 3  1 1  - 4 3 2  29 - 8  1 2 1 2  - 9  1 1 0  - 3  3 5  3 5  
- 8  20 2 1  - l l  1 5  l ''- - f;  z l -9 1 4  1 2  - 1 0 1 8  1 6  - 4  1 8  1 8  
- 9  3 6 - 1 2  2 0  1 1  - 1  1 2  1 6  ..; 1 0  1 1  9 - 1 1 2 1  1 9 - 6 4 1 0  
- 1 0 · 1 6  . 1 8 - 1 3  5 6 H , K : 4 �  1 0  - 1 2  5 8 - 1 2  � 6 - 7  l o  1 6 
H 1 K = 3 ,  9 - 1 4 2 5 L F O B  F C A  - 1 3 1 1 1 1  H 1 K =  6 ,  2 
- 9  1 9  1 7  
l F OB F CA H , K =  4 ,  4 - 4  3 7 H , K = 5 ,  5 L F O B  F C A  H , K = 6 ,  8 
- l  4 7 l F O B  f C A  - 6  1 5  1 3 l FO B F C A - 1  3 1  3 3  l f 0 8  F C A  
- 2  2 4 - 1  2 6  2 8  H , K = 5 ,  0 - l  2 2  2 4 - 2  1 0  1 0  - 1 6 1 
- 3  2 1 2 1 - 2  3 6  3 6  l F O O  F C A  - 3  2 1 22 - 3  1 6 1 5  - 2  2 2 
- 4  3 1  2 8 - 3  2 3  2 6 - 2  4 8  5 0  - 4  1 9  2 0  - 4  1 8  1 8  - 4  4 9 
- 5  5 8 - 4 1 2  1 3  - 4  8 3  8 1 - 5  6 1 1 - 5  1 1  1 2  - 5  9 1 2 
- 8  8 1 5 - 5  3 4  35 -6 1 6  1 5 - 6  1 4  1 4 - 6  1 8  1 7 - 6  8 1 2  
-9 4 9 - 6  9 1 3 - 6 50 47 - 8  2 6 - 1 1 2  1 0  - 1
 . 2 8 
H 1 K= 3 ,  1 0  � 7 2 b - 1 0 2 3 - 1 0 2 9 
- 8 . 2 3  1 9  H 1 K = 6 ,  9 
l F O B F CA -8 1 8  1 8  - 1 2 1 9  1 5 - 1 1 3 6 - 9 1 9 1 9 L F O B  F C A  
- 1  2 2 - 9  26 2 5  - 1 4 6 8 
H , K =  5 , 6 - 1 1  7 7 - 3  2 8 
- 3  · 5 e - 1 0 4 9 H , K =  5 ,  l L F O B  F C A  - 1
2  4 1 0  H 1 K =  1 ,  0 
- 6  2 4 - 1 1 5 8 l F O B  F CA - 1  2 4  2 2 H , K =  6 ,  3 . l 
F O B F C A 
H 1 K= 3 ,  1 1  - 1 2  3 7 - 1  2 6 2 8  - 2  4 7 l F O B  F C A  - 2  
5 7 
l F OB F C A  - 1 3  2 6 - 2  5 3  . 5 7 - 3  1 9  1 9  - 1  
4 1  4 0 -4 1 3 1 1  
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